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 Abstract 
The relationship between proximity to homicide and birth outcomes 
Nathan Hutto 
This study explores the effect of acute in utero exposure to homicides on a range of birth outcomes 
by testing theories of stress response and critical periods of fetal development. Specifically, this 
study examines the effect of in utero exposure to homicide on the birth outcomes of infants whose 
mothers were in close proximity to the homicide compared to infants whose mothers were 
unexposed to homicide during gestation. This study further investigates how the effect of exposure 
varies by gestational age at the time of exposure. The data utilized in this analysis are drawn from 
New Jersey birth records from 1998-2002 and homicide records used in a spatial and ethnographic 
investigation conducted by the New Jersey Star-Ledger newspaper. The overall analysis in the 
standard regression model showed that there are quite small, but highly significant positive effects 
on birth weights. Under a sibling fixed effects rubric these effects go away entirely, indicating that 
perhaps unobserved familial factors were driving results. Furthermore, the closer a woman and her 
fetus were to a homicide did not linearly affect the birth outcomes of the fetus. There was also little 
difference between birth outcomes of mothers residing in low crime and high crime areas. While, 
mothers in low-crime areas had slightly better birth outcomes, the different was marginal. 
Falsification tests disproved most significant findings. The questions under investigation would 
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Chapter 1. Introduction & Background 
Introduction 
 
 It is well known that there are stark racial, ethnic, and socioeconomic disparities in fetal 
and infant health. For example, while the national infant mortality rate is approximately 6.9 infant 
deaths per 1,000 live births, the White infant mortality rate is 5.8 infant deaths, but the Black infant 
mortality rate hovers around 13 infant deaths per 1,000 live births (MacDorman & Matthews 
2008). An infant mortality rate of this magnitude is comparable to that of the Palestinian 
Territories (UNESA, 2007). Equivalent disparities exist across nearly all reproductive health 
domains, including maternal mortality, teenage pregnancy, fetal death, birth weight, gestation, and 
many other indicators (Anachebe & Sutton 2003). Epidemiological and other lines of research in 
this area have historically focused on individual risk factors that account for adverse health 
outcomes and resulting disparities. However, the prevalence of a number of risk factors across 
social groups does not align with the production of expected outcomes. For example, smoking is 
known to contribute to adverse birth outcomes, namely low weight births. Although smoking rates 
among Blacks are quite low, they have the highest rates of low weight births. In fact, non-smoking 
Black mothers have higher rates of low weight births than do smoking White mothers. This raises 
the possibility that, although individual risks and behaviors certainly contribute to reproductive 
health, there are fundamental social causes – such as poverty, racism, or access to resources – that 
contribute to these outcomes (Link & Phelan, 1995). 
 Maternal and fetal stress has been proposed as one avenue by which health disparities exist 
and grow (Beydoun & Saftlas 2008). This dissertation examines the role that one particular 
stressor – neighborhood homicide – plays in the production of birth outcomes and the propagation 




geocoded birth records and geocoded homicides both from Essex County, New Jersey – along with 
data from the U.S. Census and Department of Justice, exploring whether proximity to homicides 
by pregnant women affects the health and mortality of their infants and fetuses. 
 This study explores the effect of acute in utero exposure to homicides on infant birth 
weight, gestational age, size for gestational age, and fetal death (all herein referred to as “birth 
outcomes”) by testing theories of stress response and critical periods of fetal development. 
Homicide exposure by pregnant women may induce a stress response – driven, for example, by 
proximity to the crime – that could adversely affect her fetus’s birth outcomes through harmful 
physiologic and epigenetic responses. Although a small body of research has attempted to connect 
neighborhood crime to birth outcomes, no studies have adequately examined the causal effect of 
homicides. In this study, violent crime events will be limited to homicides and non-negligent 
manslaughter (all herein referred to as “homicide”), typically highly publicized events. 
 The specific questions addressed in this study are: 
1. What is the effect of in utero exposure to homicide on the birth outcomes of infants 
whose mothers were in close proximity to the homicide compared to infants whose 
mothers were unexposed to homicide during gestation? 
a. Causal effects are estimated using OLS and logistic regression, sibling fixed 
effects models, and the dose response models described below. 
b. Tests are performed to determine whether effects are stronger when maternal 
stress response to a nearby homicide would be higher, specifically: (1) when 
proximity to the homicide decreases and (2) in low-crime neighborhoods.   
 




gestational age at the time of exposure? Are there critical periods during which exposure to 
homicide has the greatest impact on reproductive health? 
 
Figure 1. Theoretical Model 
 
Figure 1 illustrates the conceptual framework underlying these analyses. Exposure to 
homicides while pregnant affects the birth outcomes of the fetus through the mediator of stress and 
its hormonal and physiological by-products. Furthermore, this stress is assumed to be driven by a 
fear of crime triggered from living in close proximity to a homicide. Although a stress response 
will not be unobserved in the data, there is no other plausible way that proximity to homicide could 




confounded by a number of variables existing at three different levels that are all related to 
probability of exposure to homicide and adverse birth outcomes. These include individual-level 
demographic and behavioral variables, timing of the birth, and any number of unobserved family 
and geographic factors; neighborhood poverty; and city-level factors that are remain relatively 
consistent year to year, such as health resources, crime control, and the economic and human 
capital environments. Not only might these variables confound the homicide-birth outcome 
relationship, but they also drive explanations for health disparities across the life course. 
 The relationship between homicide exposure and birth outcomes is also moderated by a 
number of factors, wherein the power or direction of the relationship changes at different levels of 
the moderating variable. The mother’s actual proximity to each homicide, her baseline level of 
exposure to generalized violent crime, and the fetus’ stage of development at the time of exposure 
should produce differential effects on the birth outcomes of children of exposed mothers. The 
relationships described in Figure 1 will form the backbone of the subsequent literature review and 
underlie the hypothesis-driven nature of this study. 
 This study contributes to the evidence of neighborhood effects on reproductive health – 
and addresses a gap in crime research in particular – by identifying whether proximity to 
homicides affects birth outcomes and the particular roles played by stress and epigenetic 
mechanisms. Furthermore, unlike many studies in this area, this analysis overcomes significant 
selection bias through the use sibling fixed effects, city and neighborhood violent crime controls, 
and the inclusion of fetal death as one outcome of interest. Specifically, fetal death records will be 
concatenated to the live birth records and treated as a type of birth outcome. 
 The remainder of Chapter 1 reviews research related to disparities in birth weight, 




the proposed research questions, including prenatal stress, critical periods of fetal development, 
and the role of neighborhoods and crime in the production of health. Chapter 2 describes the data, 
measures, and methods used in each of the subsequent chapters. Chapter 3 presents results from 
the ordinary least squares, logistic, and sibling fixed effects analysis, Chapter 4 describes and 
presents results from the sensitivity analyses, and Chapter 5 describes and presents results from the 
analyses of exposure by gestational age. Chapter 6 summarizes the findings and discusses policy 




Overview of health disparities 
 Much of the research in this area has focused on the reproductive health disparities 
between White and Black mothers and their children. There is evidence that both individual and 
social risks play a role in determining the birth outcomes in these two populations. Infection 
appears to be one of the most significant individual risk factors driving the disparities between 
Black and White mothers. Bacterial vaginosis (a vaginal infection related to chemical and 
hormonal imbalance) and vaginal presence of fetal fibronectin (a protein produced by fetal cells) 
are more prevalent in Black women than White women and are both stronger predictors of preterm 
and low weight births in Black women (Goldenberg, 1998). Similarly, placental inflammation is 
more prevalent in Black women with preterm births than in White women with preterm births 
(Andrews, 2006). Periodontitis, a type of gum disease resulting from poor oral hygiene, is also 
more prevalent in Blacks than in Whites and is estimated to increase the risk for preterm birth by 




number of types of infections appears to do little to attenuate the effect of infection on gestation 
(Andrews, 2006). There are other examples of individual risks that contribute to reproductive 
health. For example, periconceptional vitamin use, such as prenatal vitamins that include folate, 
have been shown to reduce the incidence of very preterm birth, but the use of these vitamins was 
less prevalent among Black mothers (Catov, 2007). There is also some evidence that White 
women carry genetic traits that are protective against adverse birth outcomes that Black women do 
not have (Simhan, 2003). 
 Although studies such as these provide some evidence that an uneven distribution of 
certain risks by race may contribute to disparities in birth outcomes, it is also quite possible that 
these risks are themselves socially patterned. For example, higher infection rates amongst Black 
mothers may have nothing to do with lifestyle or choices made by individuals, but be related to 
access to preventative medical care. Furthermore, racial gaps in birth outcomes do not disappear 
after controlling for a host of medical conditions, such as hypertension and diabetes, implying that 
causes of birth outcomes extend beyond proximal medical factors (Ehrenthal, 2007).  
 It is therefore important to probe conditions and trends that underlie proximal causes of 
adverse birth outcomes. Geronimus (1992) has found that Black women experience an accelerated 
aging process induced by stressful social conditions, whereby older women experience 
progressively higher rates of preterm birth, a process termed “weathering.” This trend was not 
present among other racial groups. This provided evidence that the social conditions in which 
many Black women live – composed of higher rates of poverty and stress – accelerates the 
physiological and psychological aging process of these women. This hypothesis has been 
confirmed in other studies; for example, Rauh (2001) found similar evidence that increased age 




stronger for Medicaid eligible Black women. Another study found that while the risk of preterm 
birth increased as Black women aged and had more children, this risk was also modified by 
socioeconomic status, with poorer women producing the highest rates of preterm birth (Schempf, 
2007). 
 The factors associated with accelerated aging are also associated with disparate rates of 
adverse birth outcomes by race. Low income Black women who reported an event of perceived 
racism or indicated evidence of a lifetime exposure to racism had elevated odds of low and very 
low weight births (Collins, 2000; Collins, 2004). Poverty and socioeconomic status are also 
strongly associated with differential birth outcomes between Blacks and Whites. For example, 
there is a socioeconomic gradient with respect to birth weight among White women, but this 
gradient does not exist for Blacks or Hispanics (Reagan, 2005; Nepomnyaschy, 2009). This is true 
when looking at education, home value, and income disparities. Therefore, the magnitude of the 
disparities between Whites and non-Whites vary along the distribution of socioeconomic status, 
with the highest disparity existing at the upper end of the distribution. Much like socioeconomic 
status, higher levels of education appear to be protective only for Whites (Kleinman, 1987). 
 Disparities in birth outcomes are also spatially patterned. Neighborhood poverty is 
associated with preterm birth in Black but not White or Hispanic women (Reagan, 2005). There is 
a great deal of metropolitan variation in disparities in birth outcomes across U.S. cities and, in 
somewhat conflicting evidence, preterm birth seems to be partially explained by the degree of 
residential segregation and black female poverty, but that racial clustering is protective against 
preterm birth after controlling for racial isolation (Kramer, 2008; Bell, 2006). This may be because 
Blacks in highly segregated neighborhoods have limited access to resources necessary for 




absent isolation presents an opportunity for social solidarity based on shared culture. Finally, it is 
worth noting that Black-White disparities in low weight births are actually smaller in the Deep 
South than in the rest of the country, even though the South has a higher rate of low weight births 
than the rest of the country (7% v. 5%). The smaller disparity is likely due to the fact that the South 
has a larger population of disadvantaged White women whose social risks mimic those of Black 
women (Nepomnyaschy, 2010). 
 A final, perplexing trend in the world of racial and ethnic disparities is known as the 
epidemiologic or Hispanic paradox. This paradox relates to the fact that despite large differences 
in socioeconomic status and access to medical care between Hispanics and Whites that are quite 
similar to those between Blacks and Whites, Hispanics tend to have similar or better birth and 
health outcomes relative to Whites (Fuentes-Afflick & Lurrie, 1999). It is not clear why this 
paradox exists and many theories explaining it have been put forward. Relatively better birth 
outcomes may be achieved through better health behaviors during pregnancy, such as lower 
cigarette and substance use (Rumbaut & Weeks, 1996). It is not clear why Hispanics have better 
health behaviors than other socioeconomically comparable groups, but one possibility is that those 
who immigrate to the U.S. are poorer in their home countries and are thus unable to afford luxury 
items such as cigarettes, alcohol, and fatty foods. Once they immigrate, they carry these habits 
with them to the United States. Alternatively, it is possible that the Hispanics who immigrate to the 
U.S. can do so because they are better off and are healthier, a hypothesis that cuts across various 
ethnic immigrant groups known as the healthy immigrant bias; these immigrants are a select, 
healthier sample of the general population in their home countries (Franzini, 2001). These two 
theories – one based on disproportionately poorer Hispanics immigrating to the U.S. and the other 




of the fact that a scarcity of data makes testing these hypotheses quite difficult.  
 A final hypothesis that has been tested more often is that Hispanic immigrants or their 
infants return home immediately before death – known as the salmon bias – thus artificially 
deflating the immigrant mortality rate. Hummer (2007) compared the infant death rates of 
Mexican immigrants to the native born population in the days and weeks immediately following 
birth, arguing that these mothers and infants would be less likely to out-migrate immediately after 
birth. He found that the infant death rate was 9-11% lower among Mexican immigrant compared to 
the native population and that this gap decreased over time. This provides evidence that there is 
likely a salmon bias in infant health long after birth, but the gap in death rates immediately 
following birth shows that there is indeed a true disparity. For a salmon bias to fully explain away 
this disparity, the author demonstrates that more than 300,000 Mexican mothers and their infants 
would need to return to Mexico over six years, compared to only 140,000 recorded out-migrations. 
 Although it is unclear whether this trend will sustain, there is some recent evidence that 
these disparities in birth outcomes have begun to close somewhat. The racial gap in Apgar scores, 
a test that indicates the health of newborns and is predictive of later life health, has been decreasing 
over time, as has the gap in infant mortality between college educated mothers and mothers 
without a high school diploma; this gap has closed on average approximately 2% per year for both 
infant and neonatal mortality (Lin, 2009). Using decomposition, Lin estimates that much of the 
closing of these gaps is related to increases in prenatal care and an influx of Hispanic immigrants – 
there is little evidence that changes in the native-born population are driving these recent trends.  
 
Prenatal stress 




a factor that straddles the medical and social worlds: the source of stress is often social, but can 
have important medical, hormonal, and reproductive ramifications. Aside from crime, which will 
be discussed in a later section, stressful events have been shown to have a range of effects on 
reproductive health. Weather related events, such as ice storms and hurricanes, have a significant 
effect on the incidence of pre-term birth and low birth weight (Auger, Kuehne, Goneau, & Daniel 
2010; Xiong 2008). Internalized stress, such as anxiety, tends to have stronger effects on preterm 
birth in White mothers, whereas depression and posttraumatic stress disorder influence preterm 
birth for Blacks (Behrman & Butler 2007). Increases in self-reported stress and anxiety have 
shown to dramatically increase the odds of preterm delivery (Glynn, Hobel, Schetter, & Sandman 
2008). Furthermore, exposure to toxic neighborhood conditions, such as crime, dysfunction, or 
poverty, may induce stressful experiences that increase the risk of preterm birth, net of individual 
risk factors (Culhane & Elo 2005). 
 Stress of any kind could influence a number of biological systems in ways detrimental for 
fetal development. Stress could affect maternal cardiovascular function and restrict blood supply 
to the placenta, which can reduce fetal nutritional intake or oxygen supply, and lead to reduced 
fetal growth (Wadhwa et al 2001). If cardiovascular dysfunction eventually leads to maternal 
hypertension, there is increased risk of placental insufficiency, preeclampsia, and preterm delivery 
(Graham et al 2007). Stress can also interact with the immune system in ways that depend on the 
type of stress experienced: acute stressors, such as the death of a family member, can increase 
immune response to infection, whereas chronic stressors, such as long-term poverty, can suppress 
immunological activity (Segerstrom & Miller 2004).  
 Stress is also strongly linked with the hyper-activation of parts of the 




primarily through its responsibility for the release of corticotropin-releasing hormone (CRH) and 
cortisol. CRH plays a major role in regulating the timing of every birth, in that levels rise toward 
the end of a normal course of pregnancy, activating hormonal processes that initiate contractions 
and labor. Stress and traumatic exposure at any or multiple points during gestation may initiate a 
cascading of CRH that triggers preterm birth or spontaneous abortion (Kramer & Hogue 2009). It 
is possible that a “placental clock” is set early on in gestation by stress experiences marked by 
elevated levels of CRH, which in turn, determines the ultimate length of gestation (Sandman et al 
2006). Warren and colleagues (1992) found that, although CRH levels are high in all women 
immediately after childbirth, these levels were particularly high in women who delivered infants 
prematurely. Elevated levels of CRH are also upstream from cortisol, in that CRH initiates the 
secretion of corticotropin, which in turn triggers the adrenal cortex to produce cortisol and other 
glucocorticoids. Synthetic glucocorticoids, commonly used to promote lung function in fetuses 
threatened with preterm delivery, are associated with reduced birth weight, head circumference, 
and body length (Khan et al. 2011). Cortisol can trigger a number of processes that are potentially 
damaging to fetal development, including: increased blood sugar, suppression of the immune 
system, increase blood pressure, and may actually create a negative feedback loop with the HPA 
axis that inhibits the release of CRH. Small clinical studies have found that maternal cortisol levels 
explain nearly 20% of the variation in birth weight and 9% of the variation in body length, 
independent of other explanatory factors; cortisol levels are higher among pregnant women who 
were victims of intimate partner violence and are associated with an increased incidence of 







Neighborhoods & health 
 Most threats to the fetal environment, such as stress, are closely tied to maternal 
socioeconomic status. Nowhere is this relationship more apparent than through interactions 
between maternal neighborhood environment and birth outcomes. The neighborhood represents 
and embodies a host of socioeconomic factors that affect prenatal health and pregnancy, including 
neighborhood demographic composition, exposure to crime and toxins, and access to resources. 
However, research on neighborhood influences on births is faced with the challenge of 
disaggregating these individual factors from one another in attempting to identify causal 
relationships between neighborhood influence x and birth outcome y. There is a wide range of 
research documenting the relationship between place and health, including physical health status, 
hypertension, mental health, health behaviors, mortality, and, related to this study, birth weight 
and gestation (Pickett & Pearl 2001). Importantly, the bulk of this research sheds light on how 
racial and socioeconomic disparities in birth outcomes are often spatially patterned. 
 Average levels of neighborhood income and poverty, typically drawn from U.S. Census 
data, provide a widely-used marker of neighborhood well-being. Lifelong exposure to 
neighborhood poverty presents a risk of low birth weight for White and Black mothers, but that 
only 1.6% and 23.6% of low weight births to White and Black mother respectively are attributable 
to lifelong exposure to neighborhood poverty (Collins, Wambach, David, & Rankin 2009a). The 
effects of exposure to impoverished neighborhoods persist across generations, with rates of low 
birth weight increasing as maternal and grandmother exposure to poverty increases (Collins, 
David, Rankin, and Desireddi 2009). Buka and colleagues (2003) found that while increasing 




levels of neighborhood support improved infant birth weight for Whites only. Another study found 
that neighborhood deprivation was significantly associated with preterm birth across a number of 
U.S. states for both Whites and Blacks, although the effect was more pronounced for Whites 
(O’Campo et al 2007). Varying levels of concentrated neighborhood poverty also helps explain up 
to 45% of the association between maternal age and birth weight (Cerda, Buka, & Rich-Edwards 
2008). International studies have confirmed the negative effect of neighborhood deprivation on 
birth outcomes, such as small for gestational age (Agyemang et al 2009). 
 In addition to neighborhood disadvantage and poverty, the racial composition of a 
neighborhood has been shown to have some effects on reproductive health. Segregation and ethnic 
density may limit non-White populations’ access to health-producing resources, but may also 
serve as a buffer against reproduction-averse discrimination and racism (Collins, David, Handler, 
Wall, & Andes 2004). Large differences in levels of neighborhood segregation have small but 
significant adverse effects on the odds of low birth weight in the American South and 
multi-dimensional segregation has profound effects on Black-White disparities in preterm birth 
nationwide (Farley et al 2006; Mason, Messer, Laraia, & Mendola 2009; Osypuk & 
Acevedo-Garcia 2008). In studies of New York City neighborhoods, higher levels of ethnic 
density was shown to be particularly harmful to non-Hispanic Blacks, producing a preterm risk 
difference of 6.4 between non-Hispanic Blacks living in low and high ethnically dense 
neighborhoods; ethnic density and neighborhood deprivation may also interact in unique ways to 
produce reproductive health (Janevic et al 2010; Mason et al 2011). These results were confirmed 
in studies conducted in other regions, while others have suggested that neighborhood composition 
and poverty work in concert to create a climate of fear that leads to substance use by pregnant 




differentiated between neighborhood “isolation” and “clustering,” finding that, among 
African-Americans, isolation had an adverse impact on a number of birth outcomes, while 
clustering was associated with improved birth outcomes. In a related study of Mexican-Americans 
and Mexican immigrants, living in Mexican-American ethnic enclaves was associated with lower 
birth weight, while living in Mexican immigrant enclaves was associated with higher birth weights 
(Osypuk, Bates, & Acevedo-Garcia 2010). These findings indicate that any benefit of ethnic 
clustering may interact with a detrimental effect of assimilation among immigrant groups in the 
U.S. These findings were not replicated in a study of the neighborhood dynamics of birth weight 
among immigrant groups in Ontario (Urquia et al 2009). 
 
Crime & health 
 It is important to consider how exposure to a crime, such as homicide, might affect the 
reproductive health outcomes under investigation in this study. Independent of all other 
confounding factors linking crime and reproductive health, there seem to be five potential 
pathways through which this relationship operates: (1) the pregnant woman is directly victimized, 
causing physical or mental harm; (2) a person close to the pregnant woman (such as a family 
member, friend, or neighbor) is directly victimized, inducing a stress response; (3) crime occurs at 
a high rate in the city or neighborhood where the woman resides, inducing a stress response; (4) the 
crime occurs within or is a product of a particularly stressful context, such as the September 11 
World Trade Center attacks; or (5) the crime occurs within close proximity to the woman, as is 
under investigation in this study. 
 Underlying the logic of these five pathways is the assumption that exposure to crime 




observational studies have shown that direct violent crime victimization can lead to increased risk 
for mental health difficulties, including generalized stress, post-traumatic stress disorder, and 
depression (Rizvi 2008; Green 2009). However, one need not be a victim for crime to affect mental 
health: simply fearing victimization is associated with increased anxiety, depression, and 
psychological distress, as well as worsened self-reported health (Stafford et al 2007; Chandola 
2001; Ross 1993). This fear and perceived risk of criminal victimization lies disproportionately 
with females, a concern theorized to be driven by gendered decision making processes, 
socialization, and, especially, related to a central fear of sexual assault (May et al 2010). Only one 
study has estimated effects of fear of crime - referred to as perceived security - on birth outcomes. 
Auger et al. (2008) found that mothers who lived in neighborhoods with the highest levels of 
perceived security (i.e., presumably the lowest levels of fear of crime) had lower odds of 
delivering an infant born small for gestational age.  
 The evidence for neighborhood crime as a risk factor for negative birth outcomes is limited 
and moderate, with research on this issue in its infancy. With regard to the five pathways outlined 
above, there are varying levels of evidence supporting each. It is almost self-evident that if a 
pregnant woman is assaulted, she is at increased risk of giving birth to an infant with impaired 
health or spontaneously aborting her fetus. In smaller surveys of battered and non-battered 
pregnant women, abuse during pregnancy has been linked with a higher risk of preterm birth, low 
weight birth, and perinatal and neonatal death, with higher abuse frequency increasing risk for 
infants (Huth-Bocks, et al 2002; Coker, et al 2004; Yost, et al 2005; Rodrigues, et al 2008). A 
meta-analysis of selected literature related to abuse during pregnancy found that women reporting 
physical, emotional, or sexual abuse had 40% increased odds of giving birth to a low weight infant 




violence has been linked to maternal diagnoses that present risks for fetuses, including high blood 
pressure, vaginal bleeding, nausea and vomiting, and kidney and urinary tract infections 
(Silverman, et al 2006).  
 There have been no published studies documenting the effect on birth outcomes of infants 
of women who were in a close relationship with a crime victim. Most of the research and evidence 
on the relationship between crime and reproductive health has centered on the role of crime rates 
and crime that occurs within or is a product of a stressful context. Morenoff (2003) found that 
spatially patterned Chicago neighborhood characteristics that potentially influence stress, 
including the crime rate and social cohesion, both mediate the effect of structural neighborhood 
qualities (such as poverty and stability) on and directly influence birth weight and the odds of low 
birth weight, independent of individual risk factors. A North Carolina based study found that 
living in very high violent crime rate block groups increased the odds of pre-term delivery for 
non-Hispanic White and non-Hispanic Black women, but that the inclusion of individual factors 
attenuated the effect of all other types of crime exposures (Messer et al. 2006).  
 The events of September 11th have produced varied and, at times, conflicting research on 
the effects that the stress produced by terrorism might have on birth outcomes. In a New York state 
based study, Eskanazi et al found an immediate increase in the incidence of low weight births in 
the greater New York City region only, but a delayed increase in the incidence of low weight births 
across the state (2007).  Another study examined births at hospitals close to the World Trade 
Center site, finding that births to women living within a two mile radius of the WTC site were of 
significantly lower weight and shorter body length (Lederman et al 2004). Other studies have 
found effects on the birth weight of infants born to exposed mothers only for those mothers with 




even been a quite small but significant effect on the birth weight of Dutch infants in utero during 
the September 11th attacks compared to those in utero one year later (Smits, Krabbendam, de Bie, 
Essed, & van Os 2006). Although some research using national vital statistics indicate that 
September 11th attacks coincided with an increase in the fetal death sex ratio during the month of 
September 2001, producing a 14% increase in the deaths of male fetuses, another study relying on 
the Department of Defense birth records found no difference in the sex ratio of birth defects, 
preterm birth, or weight (Bruckner, Catalano, & Ahern 2010; Endara et al. 2009). Two studies 
have explored the potential effects of discrimination against Arab-Americans following 
September 11, 2001 by examining birth outcomes of infants born to mothers with names of Arab 
origin before and after the attacks. These studies came to different conclusions: one found no 
association between birth timing relative to September 11, 2001 and risk of adverse birth outcomes 
among Arab-Americans in Michigan, while the other found that Arab-American births were 34% 
more likely to be of low weight (El-Sayed, Hadley, & Galeo 2008; Lauderdale 2006). These 
findings may be explained by differential population density and dispersion of Arab-Americans in 
Michigan and California. Other studies of the effects of violence on birth outcomes include those 
that have focused on the bombing of Belgrade during the Balkan conflict of the late 1990s, finding 
adverse effects on birth weight (Maric, Dunjic, Stojiljkovic, Britvic, & Jasovic-Gasic 2010). 
 Much of the literature on the effect of proximity to stress on health is born out of the 
posttraumatic stress literature, but with little focus on the effect of acute crime events on 
reproductive health. Again, the events of September 11, 2001 provide a source for a great deal of 
research on this topic. In national surveys administered immediately following the attacks, 44% of 
people reported at least one symptom of stress and 17% reported symptoms of September 




PTSD (11%) than residents of other regions (Schelenger et al 2002; Schuster et al 2001; Silver, 
Holman, McIntosh, Poulin, Gil-Rivas 2002). In most of these studies, women were at 
disproportionate risk of demonstrating posttraumatic stress symptomology. Living within close 
proximity to the World Trade Center attacks is shown to be a predictor of PTSD symptomology for 
New York City residents (up to 20%) and among undergraduate college students in New York, 
Georgia, and North Dakota for whom proximity to the World Trade Center attacks mediated the 
relationship between media exposure to the attacks and acute stress disorder and PTSD , with 
effects on PTSD remaining up to one year later (Blanchard et al 2004; Blanchard, Rowell, Kuhn, 
Rogers, & Wittrock 2005; Galea et al 2002; Galea et al 2002a). Smaller studies have found that 
close proximity to the WTC attacks did not increase traumatic symptomology, but did increase 
alcohol consumption (Hasin, Keyes, Hatzenbuehler, Aharonovich, & Alderson 2007). Similarly 
Su and colleagues found that, relative to other regions of the country, the Northeast saw an 
increase in drug and alcohol related traffic fatalities in the last three months of 2001 (2009).  
 Only one study has attempted to examine the effect of proximity of neighborhood crime on 
birth outcomes, in which researchers mapped actual crime events onto expectant mothers’ 
residences (Messer, Kaufman, Dole, Herring, & Laraia 2006). They found no association between 
the distances that a crime took place from a mother’s residence and her child’s birth outcomes, but 
still found that neighborhood crime levels affected births. However, this study was limited to 2 
years of data from one city and employed a methodology with few covariates and no sub-analyses 
or dose-response analyses. Finally, this study grouped together all violent crimes into a single 
exposure; it is difficult to believe that a neighborhood homicide – a publicized event with a large 





Critical periods of fetal development 
 Although the literature abounds with evidence on which periods of fetal development are 
most responsive to harmful threats (such as malnutrition or infection), there is less evidence on the 
effect of timing of maternal stress. Many prenatal stress studies rely on non-human species and 
given that development occurs at relatively different gestational ages in different species and that 
the effect of stress is highly species specific, it is difficult to make correlations across species 
(Kapoor, 2010). Two somewhat competing theories attempt to explain how the timing of prenatal 
stress influences birth outcomes. The first argues that stress exposure late in pregnancy triggers the 
release of high levels of corticotrophin releasing hormone (CRH), producing contractions and 
pre-term delivery. The second theory is that stress experienced early in gestation modifies 
placental CRH gene expression, essentially setting a clock for pre-term delivery (Mazjoub et al 
1999). 
 The evidence supporting both of these theories is still in development. Some smaller 
non-experimental studies have found evidence that fetal response to stress is stronger toward the 
middle and end of gestation (DiPietro, Costigan, & Gurewitsch 2003; Mancuso, Schetter, Rini, 
Roesch, & Hobel 2004). However, a small number of studies that contain many observations and 
exploit natural experiments that could induce stress (such as earthquakes and terrorist attacks) 
have found that birth outcomes, especially birth weight, are most adversely affected with the 
stressor occurs in the first trimester (Torche, 2011). In a smaller study of women pregnant during 
an earthquake, respondents early in gestation reported a more stressful earthquake experience, 
with stress associated with shorter gestational length (Glynn, Wadhwa, Dunkel-Schetter, 
Chicz-DeMet, & Sandman 2001). New York based studies of the World Trade Center attacks 




gestation when the attacks occurred (Eskenazi et al 2007; Lederman et al 2004). These findings 
have been confirmed in clinical studies: women possessing higher levels of cortisol early in 
gestation also produced higher levels of CRH during their second and third trimesters, 
disproportionately producing higher rates of pre-term delivery (Sandman et al 2006). 
 A number of studies have examined the long-term impact of prenatal maternal stress on 
child and adult development, finding, for example, that exposure to stress earlier in gestation is 
associated with dampened infant and child development (Buss, Davis, Muftuler, Head, & 
Sandman 2010; Davis & Sandman 2010). A substantial body of related research is drawn from the 
fetal origins hypothesis, proposed by Barker (1995), by which in utero insults to the fetal 
environment permanently alter system development and gene expression, setting the stage for 
predisposition to disease later in life. The fetal origins of preterm and low weight birth may be the 
result of epigenetic or physiologic variation in response to insults to the fetal environment during 
critical periods of development. _Theories of prenatal stress should be interpreted with caution in 
terms of the fetal origins hypothesis because much of this hypothesis has been tested under the 
effects of physiological or nutritional “stressors,” such as disease epidemics or famines. Although 
psychological stress is surely comorbid with disease and starvation, the biological process at work 
are different. It is worth noting, however, that many of the most important studies in this area have 
found that fetal insults occurring early in gestation have the most profound impact on the 








racial and ethnic, socioeconomic, and geographic. Prenatal stress produced from social 
environments or stressful events may trigger a physiologic and hormonal response that can create 
conditions for pre-term and low weight births. This literature provides compelling evidence that in 
utero exposure to neighborhood homicides could induce a stress response in pregnant mothers 
leading to an adverse birth outcome, particularly for exposures occurring during the first trimester 
of gestation. However, no studies have adequately assessed the possibility that in utero exposure to 
homicides does lead to adverse birth outcomes. The three studies addressing this question most 
directly (Messer, 2006; Auger, 2008; Messer, 2006) did not account for selection bias, which is of 
particular relevance in neighborhood effects studies. Given the evidence in the literature presented 
here, it stands to reason that exposure to a homicide at a close proximity while pregnant should 















Chapter 2. Data, Measures, & Methods 
Data & Measures 
 
1998-2003 Essex County, New Jersey linked birth records  
 The subset of data utilized in this analysis is drawn from a larger dataset that document 
each of the nearly 1.2 million births occurring in New Jersey from 1996-2006. Each record 
documents events preceding, during, and following each birth, and therefore contains rich data on 
birth outcomes, prenatal behaviors and health care, health conditions, socioeconomic status, and 
geographic markers. Data included in these records include birth certificates, maternal and infant 
hospital discharge records, and fetal and infant death records. This study will rely on the birth 
certificates and fetal death records.  
 As described in further detail below, the dates of the homicides under investigation range 
from January 1, 1998 to December 22, 2002 and are restricted to those homicides occurring in 
Essex County, New Jersey. To capture all women with potential for exposure, the birth records 
used in this analysis are limited to those that occurred from January 1, 1998 to September 1, 2003 
(approximately 9 months following the date of the last homicide) in Essex County, New Jersey. 
Essex County is located in northeastern New Jersey and is the third most populous county in the 
state, composed of 22 towns and cities and an overall population of approximately 785,000 
residents. Essex County is generally divided into an urban and poorer eastern section, consisting of 
cities such as Newark and Irvington, and a more affluent and suburban western section made up of 
a number of small townships. Newark is the Essex County seat and the largest city in New Jersey, 
with a population of approximately 275,000 residents.  
 The sibling fixed effects models employed in this study will compare the outcomes of 




common mother. These infants were matched using a deterministic matching methodology in 
which algorithms containing numerous binary parameters set the outcome of any potential match. 
A deterministic matching approach was chosen over a probabilistic approach, in which matches 
are set based on algorithms with weighted binary parameters, because approximately 75% of the 
sample contained maternal social security numbers. These identifiers introduced a high degree of 
matching accuracy and did not necessitate the use of overly-complex matching algorithms.  
 To ensure the greatest degree of accuracy possible and because of error and missingness on 
a number of matching variables, several rounds of matching were used to link siblings. The 
following describes the management of matching variables and the deterministic matching 
methods employed in the sample. All numeric variables – social security numbers, dates of birth, 
and zip codes – were inspected for observations containing impossible values, such as social 
security numbers with fewer than 9 numbers or zip codes containing fewer than 5 numbers. Those 
variables with impossible values were set to missing. The two string variables – maternal first 
name and maternal maiden name – were converted to soundex format to ensure that misspellings 
and typos did not affect the sensitivity or specificity of the matches. Because information on birth 
certificate records is often taken from medical charts, there is a great deal of variation in the 
spelling of names. For example, a mother named “Shelly” may have her name spelled correctly on 
the certificate of her first birth, while her name may be spelled “Shelley” on the certificate of a 
subsequent birth. An accurate sibling match would be impossible if relied on the use of the 
maternal first name. Therefore, a soundex conversion is applied to all maternal first and maiden 
names. Soundex is the most common phonetic algorithm used to make words consistent that 
contain minor misspellings or spelling variations. Soundex code is made up of a letter followed by 




words sounds (NARA 2007).  
 Siblings are matched in the first round using maternal social security numbers. These 
matches are then broken if matched siblings do not share a common maternal maiden name or 
maternal date of birth. The use of social security numbers produces approximately 612,000 
matches, or 51% of the sample. The next four rounds of matching used rotating combinations of 
maternal zip code of residence, maternal maiden name, maternal first name, and maternal date of 
birth. Specifically, the combinations of these variables used in each round (followed by the percent 
matched using that algorithm) are: DOB, maiden name, and first name (5.8%); zip code, maiden 
name, and first name (2.6%); DOB, maiden name, and zip code (0.2%); and DOB, first name, and 
zip code (0.4%). The matches produced by each round of matching were confirmed by maternal 
blood type, a variable that is assumed to be recorded with little error due to the limited values it 
contains (blood type is constituted of eight values: O, A, B, and AB, with positive and negative 
variations for each group).  
 At the end of each of the five rounds of matching, matched siblings were assigned a unique 
identifier. It is possible that in any given round of matching, true sibling groups of three or more 
may contain fewer matches than the true number of siblings in the group. For example, if a sibling 
group contains three true siblings, but the maternal social security number of one sibling is 
missing, that true sibling group will not be complete. To ensure that sibling groups such as this are 
as complete as possible, matched sibling groups in future rounds of matching are compared to 
matched groups in previous rounds of matching and missing matches are completed. Finally, all 
singleton births were given unique identifiers and matched sibling group identifiers were checked 
for uniqueness. In total, 60% of the sample was matched to a sibling, while 40% of the sample was 




 To confirm the accuracy of sibling matches, I performed two tests for accuracy. The first, a 
two-step preceding record test, confirms that a significant number of the women reporting multiple 
children have multiple children observed in the data. Mothers report parity (total number of live 
births) on their child’s birth certificate. Of the women reporting a parity greater than zero (i.e., at 
least one previous live birth), a preceding birth record is found for 47% of the current observations. 
However, it may be the case that preceding births occurred prior to 1996, when these birth records 
begin. Therefore, I utilize a variable indicating whether a mother’s last live birth occurred since 
1996 to identify women for whom at least one preceding birth should be observed in the data. For 
women who report their last live birth since January 1, 1996 (approximately 30% of the sample), I 
identify a preceding record for 73% of the observations. Denk and Kruse (2005) found a 
comparable match rate of 76% when using this methodology on 1996-2003 New Jersey birth 
records. 
 The second test for matching accuracy compares the match failure rate between mothers 
born in New Jersey, mothers born in another state in the United States, and mothers born outside of 
the U.S. The match failure rate is the difference between the real match rate for children born to 
mothers reporting a last live birth since 1/1/1996 (i.e., 100%) and the observed match rate for those 
siblings (for example, the average match rate of 73% reported above). Mothers born in New Jersey 
should have the lowest match failure rate because they are more likely to have lived their entire 
lives and given birth to all of their children in New Jersey. Mothers born in U.S. states other than 
New Jersey and outside of the U.S. will be less likely to have given birth to all of their children in 
New Jersey, with foreign-born mothers being least likely to have given birth to all of their children 
in New Jersey. The match failure rates for each of these three groups confirm these hypotheses: 




siblings of mothers born U.S. states outside of New Jersey (29%), with the siblings of foreign-born 
mothers producing the highest match failure rate (38%). Again, Denk and Kruse (2005) found 
similar match failure rates when linking 1996-2003 New Jersey birth records: 14%, 28%, and 38% 
respectively of the New Jersey born, non-New Jersey native born, and foreign born mothers failed 
the preceding record test. 
 This study relies on a number of outcome measures and covariates. The primary outcome 
measures that are considered are birth weight, low birth weight, gestational length, pre-term birth, 
and fetal death. Birth weight is measured in grams and low birth weight is indicated at weights less 
than 2500 grams. After birth defects, low birth weight is the second leading contributor to infant 
mortality and is associated with diminished future health and life chances, including 
developmental and neurological impairment and lower educational attainment (Morenoff 2003; 
Reichman 2005). 
 Gestational length is measured in weeks and pre-term birth is indicated for live births 
occurring prior to 37 weeks of gestation. Gestational length is difficult to estimate, as it is nearly 
impossible to identify the precise moment of conception. In these birth data, gestational length is 
estimated using a clinical estimate of gestation, as opposed to methods based on the last menstrual 
period (LMP) or an obstetric estimate of gestation. Clinical estimates of gestation can be estimated 
in a variety of ways, none of which are reported on birth certificates, but they typically rely on an 
assumed correlation between pregnancy duration and fetal or infant size and maturation. The LMP 
was, until recently, the standard for decades for estimating gestational age, whereas the clinical 
and obstetric estimates of gestation have been introduced within the last 10 years. The obstetric 
estimate of gestation is now the preferred method for estimating gestational length, although fewer 




prenatal ultrasounds, with no emphasis place on results from neonatal examinations (Wier et al 
2007).  Comparisons of the LMP and clinical estimate of gestation using national birth records 
shows an exact concordance of gestational length in 46% of cases, with 87% of cases captured 
within a two week margin of error. However, LMP classifies births as preterm at nearly twice the 
rate as clinical estimation, illustrating how the two methods are misaligned at the extremes of the 
gestational distribution (Mustafa & David 2001). 
 The Centers for Disease Control and Prevention define fetal death as “the spontaneous 
intrauterine death of a fetus at any time during pregnancy;” therefore, purposeful pregnancy 
termination is not included in these data. Fetal death is commonly referred to as “stillbirth,” an 
event generally considered to occur after 20 weeks of gestation. Federal law mandates state 
reporting of fetal deaths after 20 weeks of gestation, although some states report fetal deaths that 
occur earlier in gestation when possible. Fetal death records were collected separately by the state 
of New Jersey and then appended to the live birth records for the purposes of this analysis. As with 
the live birth records, fetal deaths were limited to those occurring in Essex County from January 1, 
1998 to September 1, 2003. 
 Fetal deaths are reported to the state in one of two ways: by attending physicians in 
hospitals where the fetus died or by parents of the fetus, with confirmation from a physician. Over 
97% of reported fetal deaths occurred in a hospital or clinic, with 48% of deaths occurring before 
delivery and 12% of deaths occurring during labor or delivery, with 39% missing this timing 
information. Over half of the fetal deaths occurred between weeks 20-24, with only 13% occurring 
at term. The exact causes of each death are reported using codes from the International Statistical 
Classification of Diseases and Related Health Problems, or ICD-9 codes. The causes of death vary 




include unspecified birth injuries (6.7%), interstitial emphysema (6.7%), neonatal endocrine 
disorders (6.2%), and birth injuries to the central nervous system (5.7%).  
 A number of control variables will be used to account for factors that are related to both a 
mother’s propensity to be in close proximity to a homicide and her infant’s birth outcomes. These 
variables include the U.S. Census tract poverty rate (described in greater detail below); parity 
(number of live births); nativity (foreign born = 1, native born = 0); indicators for maternal race 
and ethnicity, including non-Hispanic Black, non-Hispanic Other, and Hispanic, with 
non-Hispanic White serving as the omitted category; marital status (married = 1, unmarried = 0); 
indicators for maternal education, including less than high school, high school graduate, and some 
college, with Bachelor’s degree or greater serving as the omitted category; maternal age; Medicaid 
birth (birth was paid for by Medicaid = 1, birth was not paid for by Medicaid = 0); indicators for 
year of birth (year of birth = 1, all other years = 0), with 2003 serving as the omitted variable; 
indicators for month of birth (month of birth = 1, all other months = 0), with January serving as the 
omitted month; and indicators for city of birth (city of birth =1, all other cities = 0), with the city of 
Belleville serving as the omitted category.  
 
Essex County homicide records & Supplementary Homicide Reports 
 In late January 2006 the New Jersey Star-Ledger newspaper published a series of articles 
entitled “Getting Away with Murder,” detailing deficiencies in the Essex County Prosecutor’s 
Office and Crime Scene Investigation Unit that the newspaper argued led to an epidemic of 
unsolved homicides or prosecutions leading to acquittals (Klienknecht & Schuppe 2006). Part of 
this investigation included a spatial and ethnographic investigation of all homicides occurring in 





 The homicide records were collected by New Jersey Star-Ledger reporters from the Essex 
County Prosecutor’s Office. The original data set includes, when available, the victim’s name, 
cause of death, date and location of death, the names of any individuals charged in the crime, an 
indicator of conviction or acquittal, and the sentence and charge received by the defendants if they 
were found to be guilty. This analysis, however, relied only on the date and location of homicide. 
The locations recorded for homicides varied, with 81% recorded as exact address, 15% recorded as 
intersections, 1.5% recorded in parks and other locations, and 1.9% missing some component of 
the location. All exact addresses were verified and converted into geographic coordinates using 
Google Maps. All intersections were recoded as exact addresses, using the address closest to the 
intersection on the first street listed in the intersection sequence. Parks and other locations were 
recoded to the address listed on city or county websites for that particular location, when possible.  
 Homicide records missing a component of the location were verified using New Jersey 
Star-Ledger archives and the New Jersey State Corrections archives online. If a key component of 
the location was missing (such as a house number, street address, or city), the victim’s name was 
searched in Star-Ledger archives for articles or police reports detailing the homicide. If the 
victim’s name was missing, but a defendant’s name was present, it was first confirmed in the New 
Jersey State Corrections archive (if they were found guilty) and then searched in the Star-Ledger 
archives for articles or court reports detailing the homicide. Only 10 homicide reports with missing 
location information could not be confirmed using these methods and were excluded from the 
analysis.  
 To confirm the accuracy of these homicide reports, these records were compared to the 




(SHR). Uniform Crime Reports are aggregate crime and law enforcement reports produced by the 
Federal Bureau of Investigation, focusing on offenses and clearances by arrest, property stolen and 
recovered, police employee data, and SHRs. These reports provide city-by-city monthly counts of 
a variety of crimes and allow for the calculation of monthly crime rates for cities, counties, and 
states. SHR provides incident based data on homicides reported to the police, including murders, 
non-negligent homicides, and justifiable homicides, and contain general information on the 
victims, offenders, and relationship between the victims and offenders.  Table 1 compares the 
Star-Ledger homicide reports with the FBI SHR. Although there exist some minor discrepancies, 
the distribution of homicides across a number of domains is quite comparable between the two 
datasets. The Star-Ledger dataset and SHR report a total of 531 and 528 homicides respectively. 
Homicide counts and percentage distributions are then compared by year, month, city, and type of 
homicides, with no significant differences between the two datasets. 
 









Overall 531 100.0% 
 
528 100.0% 
      Year 
     1998 99 18.6% 
 
103 19.5% 
1999 106 20.0% 
 
105 19.9% 
2000 94 17.7% 
 
92 17.4% 
2001 123 23.2% 
 
125 23.7% 
2002 109 20.5% 
 
103 19.5% 
      Month 
     Jan 41 7.7% 
 
46 8.7% 
Feb 37 7.0% 
 
38 7.2% 
March 40 7.5% 
 
41 7.8% 






May 45 8.5% 
 
42 8.0% 
June 40 7.5% 
 
38 7.2% 
July 59 11.1% 
 
66 12.5% 
Aug 45 8.5% 
 
41 7.8% 
Sept 47 8.9% 
 
44 8.3% 
Oct 34 6.4% 
 
37 7.0% 
Nov 49 9.2% 
 
46 8.7% 
Dec 56 10.5% 
 
53 10.0% 
      City / Agency 
    Newark 359 67.6% 
 
342 64.8% 
Irvington 63 11.9% 
 
62 11.7% 
East Orange 68 12.8% 
 
71 13.4% 
Orange 28 5.3% 
 
29 5.5% 
Other 13 2.4% 
 
24 4.5% 
      Cause 
     GSW 351 66.1% 
 
363 68.8% 
Stabbing 83 15.6% 
 
77 14.6% 
Assault 52 9.8% 
 
54 10.2% 
Asphyxiation 16 3.0% 
 
2 0.4% 




 Table 1 also illustrates how homicides in Essex County are patterned. There was a spike in 
the homicide rate in in 2001, reaching 23.2%, nearly a six percentage point increase from 2000. 
While 7.5-8% of homicides occurred on a monthly basis, homicides increased on average during 
the months of July and December, reaching 11.1% and 10.5%. The majority of the homicides took 
place in the city of Newark (67.6%), which is also the largest city, with a year 2000 population of 
273,358. Most homicides were the result of gunshot wounds (66.1%), followed by stabbings 
(15.6%), assaults (9.8%), asphyxiations (3%), and other causes (5.5%, such as drowning or arson). 
It is worth noting that, because this study had access to all births in New Jersey over an 11 
year period, attempts were made to secure access to state-wide homicide records. Court records, 




such as this. However, not all homicide cases are brought to trial and utilizing only court records 
would provide a select sample of homicides in a given jurisdiction. Therefore, police reports and 
investigative records are necessary to create geographic, time, and other homicide details. Given 
that I have access to all birth records for the entire state of New Jersey over ten years, I attempted 
to acquire homicide data across the state for this time period. In the state of New Jersey, 
researchers are required to file formal written requests to each county prosecutor to obtain police 
reports and investigative records. All of my requests were rejected on the grounds that they would 
divulge privileged investigative details. This is largely because crime data does not exist in a 
format conducive to data sharing. Many counties maintain exclusively paper records and sharing 
data with researchers would involve redacting information from files, followed by a complicated 
organizational process. Although police districts and county prosecutors are required to submit 
data to the FBI to complete the SHR, they do so only in aggregate form, which is further 
aggregated at the state and national levels. In short, there is no system or data architecture in place 
to support the sharing of even limited individual crime data with interested researchers.  
U.S. Census data 
 Two components of U.S. Census data are used in this study: Census tract geographic 
boundaries and poverty rates. These two variables are used in concert to define neighborhood level 
poverty rates and to group homicides into neighborhoods. Census tract boundaries are also used to 
calculate neighborhood level homicide rates, a variable employed in sensitivity analyses. The 
variable was created within ArcGIS, a geographic information system, by matching the 
geographic coordinates of each homicide to the appropriate Census tract. A neighborhood 




nhr = h / (x / 100) 
Equation 1. Homicide Rate 
where h = the total homicides in a given year and x = the average population from 1998-2002. The 
neighborhood homicide rates for each year are then averaged to produce an average homicide rate 




 Treatment in this case is defined as exposure to a homicide by a pregnant woman within a 
specific radius of the location of the homicide. No existing study provides information on how 
spatially proximal a homicide has to be to induce a stress response in a pregnant woman. Rather 
than arbitrarily defining a fixed exposure radius, I treat distance as a dose response factor and 
empirically determine at which distance, if any, effects become observable.  
 The exposure radius is initially defined as residing within 1000 meters during a pregnancy 
(calculated as the date of birth or date of fetal death minus gestation age), with treatment indicators 
defined in 100 meter increments. As described in further detail below, each analytic model 
includes an indicator for each treatment, with treatment outside of 1000 meters as the omitted 
category.  
Aim 1 analytic strategy 
 This study employs ordinary least squares (OLS) and logistic regression and sibling fixed 
effects models. Each of these approaches model many of the same dependent, independent, and 
control variables outlined above. Models for the fetal death outcome do not include an indicator 




 Importantly, I include city fixed effects (i.e., an indicator for city of birth) to account for 
unobservable factors that vary across cities that would be related to both exposure to homicides 
and birth outcomes, such as homicide and violent crime rates. City and neighborhood level crime 
contexts as they relate to health present a challenge to research in this area. The prior studies on 
this topic have used neighborhood crime rates as a primary predictor of the stress that can affect 
reproductive health when, in fact, it is quite probable that it is not the crime rate per se affecting 
health. Neighborhood crime rates may simply proxy other neighborhood conditions. To truly 
account for the causal effect of proximity to homicides on birth outcomes, it is necessary to 
disaggregate the effect of distinct homicides from the effect of neighborhood crime rates and other 
neighborhood conditions. Ideally, one would simultaneously control for proximity to a distinct 
homicide and neighborhood or city homicide rates. However, homicides are endogenous to 
homicide rates and the inclusion of both would produce biased estimates of the causal effect of 
treatment on birth outcomes. Therefore, city fixed effects are included in the models as the best 
approximation of the unique qualities of cities, such as homicide rates. It is the case that there are 
several cities in Essex county with very few or no homicides from 1998-2002. Therefore, 
sensitivity tests are performed that compare these cities with cities that have a greater number of 
homicides over this time period. 
OLS & logistic regression 
 OLS regression is used to model the effect of proximity to homicides on birth weight and 
gestational length, while logistic regression is used to model the effect of proximity to homicides 
on the odds of low birth weight, pre-term birth, and fetal death. In order to obtain causal effects of 
proximity to homicides on birth outcomes using these models, it is necessary to closely 




The conditional independence assumption of regression models states that all covariates are 
controlled for in the model that may induce selection into treatment. The rich controls outlined 
above account for a wide range of factors that may be related to both probability of exposure to 
homicide and adverse birth outcomes. Most importantly, accounting for selection into treatment 
by including city fixed effects, in addition to the controls, generates confidence that all estimates 
will be causal. 
 The OLS and logistic models will be estimated as: 
                     
Equation 2. OLS Model 
   (
  
    ⁄ )                      
Equation 3. Logistic Regression Model 
where in (1) birth outcome y and in (2) the odds of birth outcome y are caused by treatment X1 
(proximity to homicide), conditional on observable confounders X2 through Xn. Under these 
models, B2 represents the causal effect of proximity to homicides on birth outcomes. 
Sibling fixed effects 
 To further isolate confounding factors, especially selection into neighborhoods, I estimate 
a sibling fixed effects model. Under this framework, the birth outcomes of one or more siblings 
that were in close proximity to homicides while in utero is compared to the birth outcomes of one 
or more siblings who were not in close proximity to homicides while in utero. Fetal death will not 
be included in this model because the data does not allow the linking of siblings. 
 This following model will be estimated: 
          2                       
Equation 4. Sibling Fixed Effects Model 




timet for siblingi, conditional on a number of time-variant confounders β3X3 through βnXn, such as 
education, marital status, prenatal care and behaviors, and neighborhood conditions.    is the 
time-invariant regressor (i.e., family identification) used to match and compare siblings. The 
advantage of this model is that it will hold constant unobserved, time-invariant, family and 
neighborhood characteristics that are related to the birth mother and that may influence a tendency 
toward exposure to homicide and adverse birth outcomes. Thus, a sibling fixed effects model will 
account for a great deal of selection into neighborhoods that could not be accounted for in OLS and 
logistic regression models.  
 The sibling fixed effects model will be restricted to women who have more than one birth 
in Essex County and to whom at least one child has been exposed to a homicide and at least one 
child has not, thus producing a much smaller sample than what will be analyzed in the OLS and 
logistic models. This restriction necessitates the use of the two approaches (OLS/logistic and fixed 
effects) because they may be estimating effects across two different types of groups. Families with 
more than one child, at least one of whom was in close proximity to a homicide while in utero, are 
likely different across a number of socioeconomic domains from families who have only one child 
or have more than one child but none of whom were exposed to homicides. Additionally, the 
differences between the magnitudes of effects in the two analytic approaches will identify the 
magnitude of selection into neighborhoods accounted for in the sibling fixed effects model. 
Dose response analyses 
 To further examine the plausibility of the stress hypothesis, two tests are performed, all 
based on the assumption that stronger identification of the expectant mother to the victim should 
increase the stress response. 




residential proximity to the homicide?  
To answer this question, I estimate OLS, logistic, and fixed effects models that include 
indicators for multiple levels of treatment. Each model includes an indicator for treatment at 1000 
meters and indicators for treatment at declining 100-meter intervals that are mutually exclusive 
(900-1000 meters, 800-899 meters, etc.), with treatment for exposure below 100 meters occurring 
at mutually exclusive 20 meter intervals . If proximity to homicide adversely affects all birth 
outcomes, we should see birth weight and gestational length and the odds of low weight birth, 
pre-term birth, and fetal death should increase as proximity to the homicide decreases. 
b. Are effects stronger for exposed women with a lower level of baseline violent crime 
exposure?  
Using the FBI Uniform Crime Reports, I calculate average annual violent crime rates for 
each municipality, as described above. The sample is then stratified by the median value of the 
average annual violent crime rate for Essex County and the OLS, logistic, and sibling fixed effects 
models are repeated. If higher levels of baseline violent crime exposure produce a stress buffer for 
women in close proximity to homicides, birth outcomes for exposed women should be improved in 
communities with higher average annual violent crime rates relative to exposed women in 
communities with lower average annual violent crime rates. 
Aim 2 analytic strategy 
 The date of the homicide and gestational age of the infant in the birth records is used to 
calculate the date of exposure to the homicide by the mother during gestation. Using the Aim 1 
analytic strategies described above, the birth outcomes of women exposed to homicide are 
compared to the birth outcomes of women unexposed to homicides at critical stages of fetal 




development are most responsive to harmful threats (such as malnutrition or infection), there is 
less evidence on the effect of timing of maternal stress.  
 Given the findings from research on critical stages of fetal development outlined in the 
Background section, I test Aim 2 by interacting level of exposure with gestational age, using 
indicators that correspond to trimester (1-12, 13-24, and 25-40 weeks). The effect of proximity to 
homicide on birth outcomes should be strongest for women in closest proximity to homicides in 
the first trimester of gestation. In general, this effect should decrease as gestational age at time of 




Chapter 3. Results 
Table 2 displays a number of sample statistics, stratified by those births unexposed to a 
homicide while in utero and those exposed to a homicide. The latter group is further subdivided 
into levels of exposure: 1000, 500, and 100 meters. The exposed group categories are not mutually 
exclusive; births exposed at 500 and 100 meters are included in higher level groups. Forty-seven 
percent of the sample was exposed to homicide at a distance of at least 1000 meters, while 32% 
and 3% were exposed to homicides at distances of 500 and 100 meters respectively. Given this 
exposure rate and the fact that nearly all homicides take place within the 32 square miles of three 
primary cities (as indicated in Table 2), these initial data underscore the fact that this study is 
taking place within a very violent and densely populated context. Figure 2 is a simple map 
illustrating the concentration of homicides in the county. 





Unexposed 1000 500 100 
  N 35,494 31,113 21,520 1,926 
  % 53% 47% 32% 3% 
  Birthweight (g) 3255.04 3157.49 3158.25 3118.48 
  Gestation (weeks) 38.41 38.23 38.25 38.14 
  Parity 1.07 1.26 1.27 1.36 
  Race (%) 
      White 0.44 0.06 0.05 0.05 
  Black 0.30 0.67 0.67 0.71 
  Hispanic 0.18 0.25 0.25 0.21 
  Other 0.08 0.03 0.03 0.03 
  Married (%) 0.68 0.31 0.30 0.26 
  Education (%) 
      <HS 0.14 0.28 0.29 0.30 
  HS 0.26 0.40 0.40 0.38 
  Some college 0.18 0.19 0.19 0.17 
  BA+ 0.16 0.03 0.03 0.03 
  Maternal age 29.82 26.16 25.98 25.72 
  Medicaid (%) 0.24 0.53 0.54 0.54 
  WIC (%) 0.25 0.57 0.58 0.57 
  Year (%) 




1998 0.20 0.15 0.13 0.10 
  1999 0.16 0.20 0.21 0.30 
  2000 0.16 0.19 0.19 0.17 
  2001 0.16 0.20 0.20 0.21 
  2002 0.16 0.18 0.18 0.16 
  2003 0.16 0.09 0.09 0.06 
  Month (%) 
      January 0.09 0.08 0.08 0.09 
  February 0.08 0.08 0.08 0.07 
  March 0.09 0.08 0.08 0.09 
  April 0.08 0.08 0.08 0.09 
  May 0.09 0.09 0.08 0.07 
  June 0.09 0.08 0.08 0.07 
  July 0.09 0.10 0.09 0.09 
  August 0.09 0.09 0.09 0.09 
  September 0.09 0.08 0.08 0.09 
  October 0.07 0.08 0.08 0.08 
  November 0.07 0.07 0.08 0.09 
  December 0.07 0.08 0.09 0.09 
  Cities 
      Newark 0.23 0.61 0.64 0.64 
  Irvington 0.04 0.15 0.14 0.14 
  East Orange 0.05 0.15 0.15 0.11 
  Orange 0.04 0.07 0.06 0.06 
   
There are significant differences between unexposed and exposed groups that are closely 
related to the geographic distribution of births and homicides in Essex County. Exposed infants 
weighed approximately 100-140 grams lighter and were born 1-3 days earlier on average than 
unexposed infants. Mothers of exposed infants also have higher levels of parity. There are also 
large demographic differences between exposed and unexposed mothers among factors that are 
typically related to disparities in reproductive health. Exposed mothers are disproportionately 
Black. While 44% of births in the unexposed group are White, only 6% of exposed births are 
White. Conversely, while 30% of unexposed births are Black, 67% of exposed births are Black. 
Although Hispanics are slightly overrepresented in the exposed group, the gap between unexposed 




women are more than twice as likely as exposed women to be married (68% v. 31%). Unexposed 
women also tend to be better educated than exposed women. Compared to 28% of exposed 
women, only 14% of unexposed women did not graduate high school. Similarly, while 16% of 
unexposed women have at least a college degree, only 3% of exposed women have graduated 
college. Exposed women are also younger than unexposed women by more than 3 years. Finally, 
Medicaid births and reported WIC use are two times greater among exposed women than 
unexposed women (53-57% v. 24-25%).  





Although this is only descriptive, there does appear to be a dose-response relationship 
between proximity to homicides and average metrics of factors important to or indicative of 
reproductive health. In general, as proximity to a homicide decreases, adverse outcomes increase. 
For example, birthweight and gestation decline moving from 1000 to 100 meters. Among the 
demographic considerations important for reproductive health, marriage, rates of high school 
completion, and maternal age decline. Patterns for Medicaid and WIC usage are less clear. 
The remainder of Table 2 illustrates the distribution of births across time and space. With the 
exception of 1998 and 2003 (which includes births only through September), birth rates are much 
higher among exposed compared to unexposed mothers. Additionally, birth rates vary widely from 
year to year among exposed compared to unexposed mothers. Birth rates for exposed mothers 
range from 9-20% from year to year compared to 16% for unexposed mothers in five out of six 
years (1998 saw 20% of births occurring among unexposed mothers). There is a relatively stable 
distribution of births across months both among exposed and unexposed groups. Finally, the last 
panel illustrates the distribution of births among exposed and unexposed women across the four 
largest cities in Essex County - Newark, Irvington, East Orange, and Orange. Most of the births 
exposed to homicides are concentrated in these cities, with approximately 98% of exposed births 
taking place in these four cities. 
 As illustrated in the literature review, much of the existing research on the effect of crime 
on reproductive health focuses the relationship between crime rates and health indicators. Table 3 
illustrates these relationships in these Essex County data. This table displays relationships between 
the overall city crime rate, city violent crime rate, and neighborhood homicide rate and a range of 
birth outcomes, including birthweight, low birthweight, gestational length, pre-term birth, and 




given woman’s gestation and represent the rates for the mother’s residence as reported on her 
child’s birth or death certificate. Specifically, neighborhood homicide rates are clustered at the 
Census tract level. The coefficient for birthweight should be interpreted in grams, the coefficient 
for gestation should be interpreted in weeks, and the coefficients for low birthweight, pre-term 
birth, and fetal death are presented as odds ratios as the outcomes for these variables are 
dichotomous. The analyses presented in Table 3 includes controls for parity, nativity, race and 
ethnicity, maternal education, marital status, Medicaid and WIC receipt, neighborhood poverty 
rate, and month and year indicators. 
 
Table 3. Association Between Crime Rates and Birth Outcomes 
Panel A: Birth 
Weight 
         
  
n = 62,918 
          
  
City Crime Rate 
  
City Violent Crime 
Rate 
  
Neighborhood Homicide Rate   
 
Grams 
   
Grams 




Rate -107.99 *** 
 
Rate -181.36 *** 
 
Rate -46.07   
  
Poverty rate -36.74   
 
Poverty rate -32.64   
 
Poverty rate -70.70 ** 
  
Parity -46.81 *** 
 
Parity -46.82 *** 
 
Parity -46.94 *** 
  
Foreign-born 63.88 *** 
 
Foreign-born 63.83 *** 
 
Foreign-born 57.13 *** 
  
Black -140.61 *** 
 
Black -140.53 *** 
 
Black -157.82 *** 
  
Hispanic -22.58 ** 
 
Hispanic -22.75 ** 
 
Hispanic -32.96 *** 
  
Other race -186.61 *** 
 
Other race -187.03 *** 
 
Other race -187.48 *** 
  
Married 120.87 *** 
 
Married 120.73 *** 
 
Married 123.63 *** 
  
>High 
school -29.77 *** 
 
>High 
school -28.87 *** 
 
>High 
school -35.60 ***   
High school -5.28   
 
High school -4.21   
 
High school -10.63   
  
Some 
college 16.03 ** 
 
Some 
college 17.11 ** 
 
Some 
college 12.16     
Maternal age 2.41 *** 
 
Maternal age 2.39 *** 
 
Maternal age 2.56 *** 
  
Medicaid 
birth 68.84 *** 
 
Medicaid 
birth 68.93 *** 
 
Medicaid 
birth 66.13 ***   
           
  
Panel B: Low 
Birthweight 
         
  
n = 62,945 
          
  
City Crime Rate 
  
City Violent Crime 
  







OR   
  
OR   
  
OR   
  
Rate 1.53 *** 
 
Rate 2.02 *** 
 
Rate 1.02   
  
Poverty rate 0.98   
 
Poverty rate 0.97   
 
Poverty rate 1.16   
  
Parity 1.26 *** 
 
Parity 1.26 *** 
 
Parity 1.26 *** 
  
Foreign-born 0.74 *** 
 
Foreign-born 0.74 *** 
 
Foreign-born 0.76 *** 
  
Black 1.53 *** 
 
Black 1.54 *** 
 
Black 1.66 *** 
  
Hispanic 0.98   
 
Hispanic 0.99   
 
Hispanic 1.04   
  
Other race 1.36 *** 
 
Other race 1.36 *** 
 
Other race 1.38 *** 
  
Married 0.67 *** 
 
Married 0.67 *** 
 
Married 0.66 *** 
  
>High 
school 1.01   
 
>High 
school 1.01   
 
>High 
school 1.03     
High school 0.99   
 
High school 0.98   
 
High school 1.01   
  
Some 
college 0.90 ** 
 
Some 
college 0.89 *** 
 
Some 
college 0.91 **   
Maternal age 1.00 * 
 
Maternal age 1.01 * 
 
Maternal age 1.00   
  
Medicaid 
birth 0.71 *** 
 
Medicaid 
birth 0.71 *** 
 
Medicaid 
birth 0.72 ***   
           
  
Panel C: Gestational 
Length 
        
  
n = 62,721 
          
  
City Crime Rate 
  
City Violent Crime 
Rate 
  






Weeks   
  
Rate -0.39 *** 
 
Rate -0.74 *** 
 
Rate -0.02   
  
Poverty rate -0.11   
 
Poverty rate -0.07   
 
Poverty rate -0.32 ** 
  
Parity -0.27 *** 
 
Parity -0.27 *** 
 
Parity -0.27 *** 
  
Foreign-born 0.22 *** 
 
Foreign-born 0.22 *** 
 
Foreign-born 0.20 *** 
  
Black -0.44 *** 
 
Black -0.43 *** 
 
Black -0.50 *** 
  
Hispanic -0.13 *** 
 
Hispanic -0.12 *** 
 
Hispanic -0.16 *** 
  
Other race -0.34 *** 
 
Other race -0.34 *** 
 
Other race -0.35 *** 
  
Married 0.34 *** 
 
Married 0.34 *** 
 
Married 0.35 *** 
  
>High 
school -0.02   
 
>High 
school -0.01   
 
>High 
school -0.04     
High school -0.02   
 
High school -0.02   
 
High school -0.04   
  
Some 
college 0.02   
 
Some 
college 0.02   
 
Some 
college 0.00     
Maternal age -0.01 *** 
 
Maternal age -0.01 *** 
 
Maternal age -0.01 *** 
  
Medicaid 
birth 0.39 *** 
 
Medicaid 
birth 0.39 *** 
 
Medicaid 
birth 0.38 ***   
           
  
Panel D: Preterm 
Birth 
         
  
n = 62,945 
          
  
City Crime Rate 
  
City Violent Crime 
  







OR   
  
OR   
  
OR   
  
Rate 1.31 *** 
 
Rate 1.61 *** 
 
Rate 1.02   
  
Poverty rate 1.16   
 
Poverty rate 1.14   
 
Poverty rate 1.30 * 
  
Parity 1.28 *** 
 
Parity 1.28 *** 
 
Parity 1.28 *** 
  
Foreign-born 0.75 *** 
 
Foreign-born 0.75 *** 
 
Foreign-born 0.76 *** 
  
Black 1.47 *** 
 
Black 1.47 *** 
 
Black 1.55 *** 
  
Hispanic 1.05   
 
Hispanic 1.05   
 
Hispanic 1.08   
  
Other race 1.29 *** 
 
Other race 1.29 *** 
 
Other race 1.30 *** 
  
Married 0.69 *** 
 
Married 0.69 *** 
 
Married 0.68 *** 
  
>High 
school 1.02   
 
>High 
school 1.01   
 
>High 
school 1.03     
High school 0.98   
 
High school 0.98   
 
High school 1.00   
  
Some 
college 0.91 ** 
 
Some 
college 0.91 ** 
 
Some 
college 0.92 **   
Maternal age 1.01 *** 
 
Maternal age 1.01 *** 
 
Maternal age 1.01 *** 
  
Medicaid 
birth 0.71 *** 
 
Medicaid 
birth 0.71 *** 
 
Medicaid 
birth 0.72 ***   
           
  
Panel D: Fetal Death 
         
  
n = 67,887 
          
  
City Crime Rate 
  
City Violent Crime 
Rate 
  






OR   
  
Rate 3.17 *** 
 
Rate 5.65 *** 
 
Rate 0.52   
  
Poverty rate 0.96   
 
Poverty rate 0.97   
 
Poverty rate 2.20 * 
  
Parity 0.83 *** 
 
Parity 0.83 *** 
 
Parity 0.83 *** 
  
Foreign-born 0.91   
 
Foreign-born 0.92   
 
Foreign-born 0.96   
  
Black 2.58 *** 
 
Black 2.63 *** 
 
Black 3.26 *** 
  
Hispanic 1.47 ** 
 
Hispanic 1.49 ** 
 
Hispanic 1.69 *** 
  
Other race 0.53 * 
 
Other race 0.54 * 
 
Other race 0.55 * 
  
Married 0.62 *** 
 
Married 0.62 *** 
 
Married 0.60 *** 
  
>High 
school 0.72 ** 
 
>High 
school 0.72 ** 
 
>High 
school 0.76 **   
High school 0.65 *** 
 
High school 0.65 *** 
 
High school 0.68 *** 
  
Some 
college 0.64 *** 
 
Some 
college 0.64 *** 
 
Some 
college 0.67 ***   
Maternal age 1.06 *** 
 
Maternal age 1.06 *** 
 
Maternal age 1.06 *** 
  
           
  
*** p<0.01, ** p<0.05, * p<0.1 
 The overall city crime rate and the city violent crime rate have significant and negative 
effects on every birth outcome, with the violent crime rate having markedly stronger effects on 




3.5% of mean birthweight) and reduces gestational length by 0.39 weeks, or 2.8 days 
(approximately 1% of mean gestational length). Exposure to higher overall crime rates is also 
associated with a 53% increased odds of low-weight birth, a 31% increased odds of pre-term birth, 
and a 317% increased odds of fetal death. Higher overall city violent crime rate reduces birth 
weight by 181 grams (approximately 5% of mean birthweight) and reduces gestational length by 
0.74 weeks, or 5.5 days (approximately 2% of mean gestational length). Similarly, exposure to 
higher violent crime rates is associated with a 202% increased odds of low-weight birth, 61% 
higher odds of pre-term birth and 565% increased odds of fetal death. All of the coefficients for 
city overall and violent crime rates are significant at the 0.001 level. In stark contrast to the 
city-level variables, neighborhood homicide rates have no significant effect on the continuous or 
dichotomous birthweight and gestation dependent variables. The coefficients associated with the 
model’s covariates are consistent with prior literature show poorer birth outcomes non-White, less 
educated, and older mothers. 
 These results confirm prior analyses, finding that exposure to higher levels of overall and 
violent city crime rates produces significant detriments to reproductive health, independent of 
confounding variables such as race, poverty, and demographic factors. Prior literature has not 
examined relationships between neighborhood homicide and similar outcomes. The relationships 
observed at the city-level do not hold up when the geographic level and nature of the crime are 
restricted. 
 Turning now to the specific aims under investigation in this paper, the next several tables 
describe the nature of the relationship between proximity to homicide and the five birth outcomes. 
Panels A and B in Table 4 present two models describing the general relationship between 




on a treatment variable indicating whether a mother was within 1000 meters or less of a homicide 
at any point during gestation (herein referred to as “close proximity”), while (in Panel B) 
controlling for a set of confounding covariates.  
 
Table 4. Association Between Residence Within 1000 Meters of a Homicide and Birth 
Outcomes 
 
*** p<0.01, ** p<0.05, * p<0.1 
Panel A in Table 4 illustrates the bivariate relationship between close proximity (within 
about 12 blocks) to homicide and birthweight, gestation, and fetal death. Under this model, close 
proximity to a homicide has a small but significant and negative effect on every birth outcome. 
Close proximity to homicide decreases birthweight by about 73 grams and increases the odds of 
low birthweight by 16%, while decreasing gestation length by 0.1 (or less than a day) and 
increasing the odds of pre-term birth by 14%. There is no effect of close proximity to homicides on 
Panel A: Bivariate
Birthweight LBW Gestation PTB Fetal death
n 68090 68196 67862 68196 68196
Grams OR Weeks OR OR
-73.49 *** 1.16 *** -0.10 *** 1.14 *** 0.93  
Panel B: Multivariate
Birthweight LBW Gestation PTB Fetal death
n 62846 62846 62651 62651 67434
Grams OR Weeks OR OR
<=1000 m 37.34 *** 0.88 *** 0.19 *** 0.85 *** 0.68 ***
Poverty rate -37.56  1.01  -0.11  1.33 * 1.05  
Parity -46.58 *** 1.23 *** -0.27 *** 1.28 *** 0.83 ***
Foreign-born 65.65 *** 0.97 *** 0.23 *** 0.75 *** 0.89  
Black -144.19 *** 0.74 *** -0.46 *** 1.52 *** 2.73 ***
Hispanic -21.59 ** 1.49 *** -0.13 *** 1.07  1.41 *
Other rate -184.52 *** 0.99  -0.34 *** 1.31 *** 0.49 **
Married 121.18 *** 1.40 *** 0.34 *** 0.69 *** 0.62 ***
<HS -26.86 *** 0.66 *** 0.01  1.02  0.71 ***
High school -2.40  1.00  0.00  0.98  0.63 ***
Some college 17.97 ** 1.01  0.03  0.91 ** 0.63 ***
Maternal age 2.29 *** 0.88 *** -0.01 *** 1.01 *** 1.06 ***





Panel B models the same relationships while controlling for crucial covariates, including 
neighborhood poverty rate, nativity, race, ethnicity, maternal marital status, maternal education, 
maternal age, and Medicaid receipt. Compared to Panel A, these conditions indicate that there does 
not appear to be a negative effect of homicide exposure on birth outcomes. Residing within 1000 
meters or less of a homicide produces a 37 gram benefit to birthweight, while reducing the odds of 
low birthweight by 12%. Similarly, close proximity to a homicide results in 0.19 additional weeks 
of gestation (approximately one day) and reduces the odds of pre-term birth by 15%. Finally, this 
relationship decreases the odds of fetal death by 32%. Given average birthweight and gestational 
length in the sample, the effect sizes of for these coefficients are quite small, but they are all 
significant at the 0.001 level.  
Next, I examine possible dose-response relationships between close proximity to 
homicides and birth outcomes in Table 5. The rows in column 1 break out the sample into 14 
mutually exclusive categories of proximity to homicide while pregnant, ranging from 0-20 meters 
to 901-1000 meters. All models control for the demographic variables described in previous 






Table 5. Association between residence within 1000 meters of a homicide & birth outcomes, 
by proximity 
Birthweight LBW Gestation PTB Fetal death
n 62846 62846 62651 62651 67434
Meters Grams OR Weeks OR OR
1000-901 12.56  0.94   0.18  0.96  0.82  
900-801 29.53  0.84  0.13  1.04  0.71  
800-701 35.76 * 0.84  0.10  1.05  0.87  
700-601 40.59 ** 0.87  0.24 *** 0.82 ** 0.77  
600-501 26.08 * 0.86 * 0.12 ** 0.87 * 0.89  
500-401 37.55 *** 0.91  0.17 *** 0.81 *** 0.79  
400-301 14.30  0.92  0.16 *** 0.88 ** 0.79  
300-201 32.91 *** 0.86 ** 0.17 *** 0.84 *** 0.49 ***
200-101 43.35 *** 0.93  0.21 *** 0.89 ** 0.70 *
100-80 -19.71  0.95  0.09  0.89  1.16  
80-60 67.66 ** 0.85  0.12  0.95  1.23  
60-40 67.55 * 0.72  0.33 ** 0.70 * 1.02  
40-20 -43.17  0.93  -0.12  0.97  0.88  
20-0 0.61  0.95  0.06  0.92  1.35  
Poverty rate -50.82  1.12  -0.20  1.41 ** 1.07  
Parity -46.63 *** 1.26 *** -0.27 *** 1.28 *** 0.83 ***
Foreign-born 65.94 *** 0.74 *** 0.23 *** 0.74 *** 0.89  
Black -143.85 *** 1.56 *** -0.46 *** 1.52 *** 2.73 ***
Hispanic -21.40 ** 0.99  -0.13 *** 1.06  1.41 *
Other rate -184.27 *** 1.36 *** -0.34 *** 1.31 *** 0.49 **
Married 121.34 *** 0.67 *** 0.34 *** 0.69 *** 0.62 ***
<HS -26.99 *** 1.01  0.00  1.02  0.71 **
High school -2.41  0.99  0.00  0.98  0.63 ***
Some college 18.14 ** 0.90 ** 0.04  0.91 ** 0.63 ***
Maternal age 2.31 *** 1.01 * -0.01 *** 1.01 *** 1.06 ***
Medicaid birth 69.72 *** 0.71 *** 0.39 *** 0.71 *** -- --
 
*** p<0.01, ** p<0.05, * p<0.1 
If the association observed in Table 4 reflects a causal effect of exposure to homicides on 
birth outcomes, then one would expect that decreased distance to homicides should produce 
increasing amounts of poor birth outcomes. That is, as we move down the rows in Table 5, we 
should see a decrease in birthweight and gestation and increases in the odds of low birthweight, 
pre-term birth, and fetal death. For the most part, however, no clear pattern emerges out of Table 5. 
There is no consistent pattern between proximity to homicide and birth outcomes. There is a 




in the significance of the effect. Across the table, however, significant results appear only when 
exposure produces positive birth outcomes. This is the case, for example, for birthweight, 
gestation, and fetal death when mothers reside between 401-500 meters from a homicide.  
Next, we repeat the prior general multivariate and multivariate dosage analyses while 
stratifying the sample into those mothers residing in cities with low levels of violent crime, defined 
as with a violent crime rate below the 50
th
 percentile, and mothers residing in cities with high 
levels of violent crime, defined as a city with a violent crime rate above the 50
th
 percentile. As 
stated in the introduction, mothers with lower baseline levels of violent crime exposure might 


















Table 6. Association between residence within 1000 meters of a homicide & birth 





Birthweight LBW Gestation PTB Fetal death
n 26794 26794 26720 26720 27301
Grams OR Weeks OR OR
1000-901 99.06  0.40  0.20  0.90  --
900-801 -72.07  0.94  -0.14  1.06  --
800-701 10.15  1.28  -0.16  1.31  1.23
700-601 54.53  0.49 ** 0.38 ** 0.46 ** 0.48
600-501 51.50  0.67  0.27  0.73  --
500-401 37.73  1.03  0.27 * 0.80  0.31
400-301 -31.90  1.17  -0.25 * 1.19  0.82
300-201 43.23 * 0.99  -0.08  1.04  0.50
200-101 81.37  0.68  0.23  0.82  1.03
100-80 -10.96  0.92  0.16  0.43  --
80-60 179.28 * -- 0.58  0.37  --
60-40 249.56  0.46  0.57  0.77  6.34 **
40-20 -126.24  0.73  0.14  0.60  --
20-0 -15.58  1.29  -0.81  1.06  --
Poverty rate -97.65 *** 1.18  -0.53 * 1.49  193.64 ***
Parity -55.79 *** 1.49 *** -0.34 *** 1.42 *** 0.75 ***
Foreign-born 27.55 *** 0.87 ** 0.11 *** 0.85 *** 0.99  
Black -125.29 ** 1.41 *** -0.35 *** 1.32 *** 2.78 ***
Hispanic -27.35 *** 0.94  -0.16 *** 1.08  1.49  
Other rate -165.23 *** 1.15  -0.25 *** 1.14  0.65  
Married 104.16  0.64 *** 0.25 *** 0.74 *** 1.02  
<HS 5.97  0.86  0.09  0.92  1.00  
High school 4.43  0.94  -0.04  1.04  1.03  
Some college 11.64 *** 0.95  -0.03  0.96  1.04  
Maternal age 3.25 *** 1.00  0.00  1.00  1.07 ***
Medicaid birth 41.85  0.74 *** 0.33 *** 0.77 ***
Panel B
Birthweight LBW Gestation PTB Fetal death
n 36124 36124 36001 36001 40131
Meters Grams OR Weeks OR OR
1000-901 -10.72  1.05  0.18  0.98  1.05  
900-801 49.69 * 0.85  0.18  1.05  0.83  
800-701 38.03 * 0.79 ** 0.14  1.02  0.82  
700-601 39.64 ** 0.90  0.22 *** 0.85 * 0.81  
600-501 22.20  0.89  0.10  0.88 * 0.98  
500-401 37.92 *** 0.90  0.17 *** 0.81 *** 0.81  
400-301 19.87  0.90  0.22 *** 0.85 *** 0.76  
300-201 31.87 ** 0.85 ** 0.19 *** 0.83 *** 0.47 ***
200-101 40.80 *** 0.94  0.22 *** 0.89 ** 0.64 **
100-80 -20.51  0.95  0.10  0.91  1.25  
80-60 62.11 * 0.90  0.11  0.98  1.28  
60-40 54.81  0.74  0.33 * 0.69 * 0.57  
40-20 -38.83  0.94  -0.14  1.00  0.93  
20-0 -0.49  0.93  0.08  0.94  1.38  
Poverty rate -38.64  1.05  -0.18  1.29 * 0.88  
Parity -41.43 *** 1.19 *** -0.23 *** 1.24 *** 0.85 ***
Foreign-born 87.29 *** 0.68 *** 0.32 *** 0.70 *** 0.81 *
Black -138.39 *** 1.65 *** -0.45 *** 1.62 *** 1.88 ***
Hispanic -11.81  1.03  -0.09  1.09  1.08  
Other rate -174.25 *** 1.68 *** -0.39 *** 1.51 *** 0.13 *
Married 126.10 *** 0.67 *** 0.38 *** 0.67 *** 0.52 ***
<HS -37.24 *** 1.01  0.02  0.99  0.57 ***
High school -6.79  0.96  0.05  0.92  0.49 ***
Some college 24.29 * 0.82 *** 0.13 ** 0.85 *** 0.46 ***
Maternal age 1.49 ** 1.01 *** -0.02 *** 1.01 *** 1.06 ***
Medicaid birth 76.30 *** 0.71 *** 0.41 *** 0.71 *** ***
Low city violent crime (1st-50th percentile)





*** p<0.01, ** p<0.05, * p<0.1 
Table 6 presents these stratified results, with Panel A displaying findings for mothers 
living in cities with low levels of violent crime and Panel B displaying findings for mothers living 
in cities with high levels of violent crime. Within each panel, the first row displays the association 
between residing within 1000 meters of a homicide and birth outcomes and subsequent rows 
displaying this association at decreasing levels of proximity (i.e., dose-response analysis). Turning 
first to the general analysis of those residing within 1000 meters of a homicide (the data in the first 
row of Panels A and B in Table 6), we see that the results for both groups are largely consistent 
with the results presented in prior analysis in Table 4 that there is no apparent negative effect of 
residing within close proximity to a homicide on birth outcomes. Residing within 1000 meters of a 
homicide appears to produce a minor, but statistically significant, positive benefit on birthweight, 
gestation, and the odds of low birthweight, preterm birth, and fetal death. These positive benefits 
actually slightly decrease for those mothers residing in cities with higher rates of violent crime, 
implying that mothers with higher baseline levels of exposure to violence experience a stronger 
stress response to local homicides.  
As in the prior dosage analysis presented in Table 5, there is no clear overall patterning to 
the association between proximity to homicides and birth outcomes as proximity to homicides 
decreases. Again, all of the significant coefficients indicate that residing within close proximity to 
homicide, at a number of intervals, appears to produce small, but positive effects on birth 
outcomes. In both panels, coefficients for covariates are consistent with prior literature. 
Turning to the second aim under investigation in this study, Panels A and B in Table 7 
present the association between exposure to homicides within 1000 meters and birth outcomes 




were exposed. Like the results presented in tables Table 4, Panel A begins with a simple bivariate 
relationship, while Panel B controls for demographic and socioeconomic variables, in addition to 
city and year fixed effects. 
Table 7. Association between residence within 1000 meters of a homicide & birth outcomes, 
by trimester of exposure 
 
*** p<0.01, ** p<0.05, * p<0.1 
Panel A in Table 7 presents the bivariate relationship between exposure to homicide at the 
three trimesters and birth outcomes. While Panel A in Table 4 showed a significant negative effect 
in the general relationship, this table reveals a pattern graded by gestational age. The children of 
mothers residing within close proximity to a homicide during their first trimester of pregnancy 
Panel A: Bivariate
Birthweight LBW Gestation Preterm birth Fetal death
n 68090 68090 67862 67862 68196
Grams OR Weeks OR OR
1st -116.45 *** 1.36 *** -0.40 *** 1.37 *** 1.26 **
2nd -86.29 *** 1.27 *** -0.30 *** 1.29 *** 1.26 **
3rd 71.60 *** 0.66 *** 0.63 *** 0.61 *** 0.29 ***
Panel B: Multivariate
Birthweight LBW Gestation Preterm birth Fetal death
n 62846 62846 62651 62651 67434
Grams  OR  Weeks  OR  OR  
1st -13.39  1.02  -0.07 * 1.05  1.01  
2nd 5.72  0.99  -0.02  1.02  0.96  
3rd 117.50 *** 0.60 *** 0.66 *** 0.54 *** 0.24 ***
Poverty rate -54.85  1.14  -0.21  1.42 ** 1.14  
Parity -46.34 *** 1.26 *** -0.27 *** 1.28 *** 0.83 ***
Foreign-born 65.67 *** 0.74 *** 0.23 *** 0.74 *** 0.90  
Black -143.31 *** 1.56 *** -0.46 *** 1.51 *** 2.71 ***
Hispanic -20.82 ** 0.99  -0.12 *** 1.06  1.40 *
Other rate -183.36 *** 1.36 *** -0.33 *** 1.30 *** 0.48 **
Married 121.01 *** 0.67 *** 0.34 *** 0.69 *** 0.62 ***
<HS -27.27 *** 1.01  0.00  1.02  0.71 **
High school -2.70  0.99  0.00  0.98  0.63 ***
Some college 17.95 ** 0.90 ** 0.03  0.91 ** 0.63 ***
Maternal age 2.31 *** 1.01 * -0.01 *** 1.01 *** 1.06 ***




show negative and significant effects on all birth outcomes; however, these effects reverse as 
gestation increases. That is, mothers residing within close proximity to a homicide later in their 
pregnancy experience less harmful effects of that exposure. In this bivariate model, exposure in the 
first trimester of gestation reduces birthweight by 116 grams and increases the odds of low 
birthweight by 36%. The odds of preterm birth and fetal death are increased by 37% and 26% 
respectively. Across these outcomes, the negative effects decrease as gestational age of exposure 
increases until, as is apparent in the prior models, the coefficients become positive. All results in 
the bivariate model are significant. 
The addition of demographic and other control variables changes the nature of effects in 
Panel B, in which the magnitude of coefficients is reduced dramatically in the first and second 
trimesters. Although exposure to homicide has no significant negative effects on birth outcomes, 
the trend of negative effects of exposure to homicide the first trimester transitioning to positive 
effects of exposure to homicide in the third trimester still remains. Similar to the results seen in 
prior analysis in this paper, exposure to homicide in the third trimester of pregnancy appears to 
produce a large and significant positive benefit to the fetus. However, unlike results in prior 
analyses in a fully controlled model, there are still small, but marginally significant effects of 
exposure to homicide in the first trimester of pregnancy on gestation. Exposure to homicide in the 
first trimester reduces gestational length by 0.07 weeks, or approximately half of a day. 
 The prior analyses using a combination of regression with rich controls, city and year 
fixed effects, and dosage analyses have produced two primary findings. First, the only negative 
effect of exposure to homicide on birth outcomes occurs when the fetus is in the first trimester of 
development, with small, but significant effects apparent only for birth weight and gestational 




during fetal development, most of which occur during the last trimester of development. These 
benefits are seen for birthweight, gestational length, and fetal death and are contradictory to theory 
and common sense.  
Sibling Fixed Effects 
Although the prior analyses controlled for most of the important confounding covariates 
involved in reproductive health relationships, it is possible that the seemingly contradictory results 
were driven by unobserved family-level factors unaccounted for by race, ethnicity, poverty, or 
education. To better understand this possibility, I now turn toward similar multivariate analyses of 
the effect of exposure to homicide on birth outcomes using sibling fixed effects. As previously 
described, by comparing siblings that share a common mother, these models will control for 
unobserved maternal factors. The analyses for Tables 4-7 are replicated using sibling fixed effects 
models. Because adequate maternal identifiers were unavailable in the fetal death records and 
























Table 8. Association between residence within 1000 meters of a homicide & birth outcomes, 
sibling fixed effects 
 
*** p<0.01, ** p<0.05, * p<0.1 
Panel A in Table 8 shows results for the bivariate association between exposure to 
homicide and birth outcomes for siblings born in Essex County. Much like other analysis in this 
paper, these results indicate that there is no apparent negative effect on birth outcomes when one 
fetus is exposed to a homicide compared to an unexposed sibling. The coefficients for these 
models are quite small and significant only for birthweight, gestational length, and odds of low 
weight birth. Panel B examines this relationship including a host of demographic and 
socioeconomic controls described previously. In this model, the effects on birthweight and 
gestational age are smaller with reduced significance and the effects on the odds of low weight 
birth and pre-term birth disappear. The coefficient for birthweight is 25 grams and is only 
marginally significant, while the gestational length coefficient is approximately one day and 
significant.  
Table 9 displays the results of analysis examining the relationship between exposure to 
Panel A: Bivariate
Birthweight LBW Gestation PTB
n 7876 7876 7816 7816
Grams OR Weeks OR
<=1000 m 25.009 ** 0.85 ** 0.14 ** 0.93  
Panel B: Multivariate
Birthweight LBW Gestation PTB
n 7060 7060 7020 7020
Grams OR Weeks OR
<=1000 m 24.38 * 0.87  0.15 ** 0.92  
Parity -103.32 *** 1.59 *** -0.40 *** 1.54 ***
Married 81.56 ** 0.69  0.18  1.00  
<HS 35.65  0.65  0.24  1.03  
High school 13.04  1.24  0.15  0.99  
Some college 12.12  1.26  0.08  1.24  
Maternal age 8.07 * 0.92 *** 0.02  0.95  




homicide and birth outcomes stratified by distance to homicide compared to siblings unexposed to 
a homicide. Similar to Table 5, no clear or linear pattern emerges from these results, with exposure 
to homicide demonstrating no negative effect on birth outcomes. As proximity to the homicide 
increases, there is no linear increase in effects observed. However, whereas the models using only 
multivariate regression had a scattering of significant negative and positive coefficients, these 
sibling fixed effects models produce almost no coefficients of consequence.  
 
Table 9. Association between residence within 1000 meters of a homicide & birth outcomes, 
by proximity, sibling fixed effects 
 
*** p<0.01, ** p<0.05, * p<0.1 
Table 10 displays results of stratified analyses of exposure to homicide and birth outcomes 
of exposed sibling by trimester of exposure compared to siblings not exposed to a homicide. The 
results of this analysis are quite similar to those shown in Table 7 under a standard regression 
Birthweight LBW Gestation PTB
n 7060 7060 7020 7020
Meters Grams OR Weeks OR
1000-901 -20.74  1.26  -0.16  0.96  
900-801 26.73  0.91  0.15  1.76  
800-701 17.57  0.87  -0.08  1.09  
700-601 40.57  0.87  0.05  0.72  
600-501 31.87  0.55 ** 0.18  0.81  
500-401 36.60  1.10  0.15  0.75  
400-301 7.46  0.76  0.05  1.17  
300-201 33.33  0.83  0.23 * 0.88  
200-101 -7.52  1.15  0.02  1.13  
100-80 6.36  1.43  0.07  1.29  
80-60 46.26  0.45  0.32  0.46  
60-40 109.35  0.44  0.68 * 0.38  
40-20 -105.88  0.52  -0.30  2.77  
20-0 98.17  0.83  0.69  0.49  
Parity -102.68 *** 1.62 *** -0.40 *** 1.52 ***
Married 82.80 ** 0.69  0.18  0.95  
<HS 34.49  0.67  0.23  1.00  
High school 13.84  1.25  0.15  0.94  
Some college 15.38  1.23  0.09  1.13  
Maternal age 8.00 * 0.91 *** 0.02  0.96  




model, except that in this case, the coefficients are much smaller and largely insignificant. Again, 
there is no negative effect of homicides on birth outcomes in these models. Consistent with many 
of the counterintuitive results found in these analyses, exposure to homicide in the third trimester 
of development compared to an unexposed sibling at the same period of development produces 
extremely small, but highly significant effects. Compared to the results in Table 7, the coefficients 
from the sibling fixed effects models are approximately half the magnitude. For example, exposure 
to a homicide in the third trimester produces a 63 gram gain compared to unexposed siblings. 
Unlike the results in Table 7, exposure to homicide in the second trimester does appear to have a 
negative and marginally significant effect on gestational length. Siblings in close proximity to 
homicide in the second trimester of development experience approximately one-half day shorter 
gestational length compared to unexposed siblings. Also, the odds of a preterm birth increase by 




Table 10. Association between residence within 1000 meters of a homicide & birth outcomes, 
by trimester of exposure, sibling fixed effects 
 
 *** p<0.01, ** p<0.05, * p<0.1 
It is highly unlikely and counter to existing theory that fetuses developing in close proximity to the 
occurrence of a homicide should reap developmental benefits from this exposure. However, to a 
quite limited degree, the above analyses indicate that this may be the case. The standard regression 
models indicate that exposure to homicide in general and, especially in the third trimester of 
development, produce small but significant benefits to birth weight, gestational length, and the 
odds of fetal death. While the more robust and restrictive sibling fixed effects models rule out a 
generalized effect across the entire exposed sample, there are still indications that, when compared 
to an unexposed sibling, third trimester exposure to a nearby homicide produces a small benefit to 
birth weight and gestational length, while a second trimester exposure produces a small and 
marginally significant negative effect on gestational length. Two additional analytical tests may 
help explain some of these findings: a test for omitted variable bias and sample size reduction. 
Birthweight LBW Gestation Preterm birth
n 7876 7876 7816 7816
Grams OR Weeks OR
1st trimester -11.95  1.02  -0.13  1.08  
2nd trimester -9.93  0.98  -0.03  1.15  
3rd trimester 97.79 *** 0.64 *** 0.50 *** 0.63 ***
Birthweight LBW Gestation Preterm birth
n 7060 7060 7020 7020
Grams OR Weeks OR
1st trimester 23.44  0.85  0.00 *** 0.95  
2nd trimester -8.67  1.01  -0.05 *** 1.27 *
3rd trimester 63.26 *** 0.75 * 0.41  0.67 ***
Parity -103.74 *** 1.59 *** -0.40 *** 1.52 ***
Married 78.90 ** 0.69  0.16  1.01  
<HS 36.92  0.64  0.25  1.03  
High school 12.53  1.23  0.15  1.03  
Some college 15.27  1.25  0.10  1.26  
Maternal age 8.34 * 0.92 *** 0.03 ** 0.95  





 I conduct a falsification analysis to help rule out selection effects as causing or suppressing 
associations between homicide exposure and birth outcomes. Although all of the models employed 
thus far have included controls for the effects of demographic, socioeconomic, and behavioral 
factors, as well as unobserved time invariant differences between families, cities, and across 
months and years of birth, it is possible that these models omitted variables that would help explain 
the association between fetal exposure to homicides and birth outcomes. A test for this possibility 
is to repeat the previous analyses using an exposure variable one year in the future: if living in 
close proximity to a homicide that occurs one year from fetal gestation produces similar outcomes, 
it is an indication that an unobserved factor is driving the results.  
 Table 11 this test in comparison to “true” estimates from previous analyses. The replicated 
analyses in Panel A include standard regression analysis of the relationship between homicide 
exposure within any proximity under 1000 meters and birth outcomes and that same model 
interacted with gestational age at trimester of exposure. Panel B repeats these analyses under 
sibling fixed effects models. Each of these analyses in each panel is subdivided into two columns: 
current treatment (CT) and future treatment (FT). CT results are simply copied from the relevant 
table of prior analyses.  
 The overall results for Panel A comparing future and current treatment are nearly identical, 
both in effect size and significance. For example, actual in utero exposure to a homicide leads to a 
highly significant 37 gram increase in birth and “future” (i.e., not actual) exposure to a homicide 
leads to a highly significant 31 gram increase in birthweight. This pattern is consistent across birth 
outcomes and models: there is little difference in outcomes stemming from current and future 




the results produced from the models examining actual exposure (i.e., “current”) may be driven 
from an unobserved factor present regardless of actual exposure to homicide.  
 
Table 11. Association between residence within 1000 meters of a future homicide & birth 
outcomes 
 
 *** p<0.01, ** p<0.05, * p<0.1 
Panel B estimates similar models as those seen in Panel A, except under a sibling fixed 
effects rubric. As expected, the fixed effects model is much more restrictive because it compares 
the birth outcomes of one sibling in close proximity to a homicide while in utero to those of a 
sibling unexposed to a homicide while in utero. Because these models compare two children born 
to the same mother, it should control for time invariable unobserved family characteristics. Much 
like the patterns that appear in Panel A, the results in current and future treatment are patterned 
similarly, although with greater variation. 
 A consistent and anti-theoretical phenomenon that appears, with some exceptions, 
throughout these analyses is the small, but positive effects of residing in close proximity to a 
homicide while pregnant. In the OLS analysis presented in Table 4, residing within 1000 meters of 
Panel A: Standard Regression Model
α α α α α α α α
Birthweight 37.34 *** 31.00 *** -13.39  -2.50  5.72  -9.73  0.96 *** 85.27 ***
LBW 0.88 *** 0.86 *** 1.02  1.01  0.99  1.07  0.99 *** 0.60 ***
Gestation 0.19 *** 0.24 *** -0.07 * 0.02  -0.02  -0.03  -0.02 *** 0.57 ***
PTB 0.85 *** 0.82 *** 1.05  1.02  1.02  1.04  1.02 *** 0.56 ***
Fetal Death 0.68 *** 0.57 *** 1.01  0.97  0.96  0.67 ** 0.96 *** 0.30 ***
Panel B: Sibling Fixed Effects
α α α α α α α α
Birthweight 24.38 * 11.45  23.44  6.25  -8.67  -22.16  63.26 *** 46.32 **
LBW 0.87  0.82  0.85  0.95  1.01  0.98  0.75 * 0.55 *
Gestation 0.15 ** 0.16 *** 0.00  0.15 * -0.05 *** -0.07  0.41  0.38  
PTB 0.92  0.78 ** 0.95  0.88  1.27 * 1.00  0.67 *** 0.55 ***
CT FT CT FT
Overall Trimester 1 Trimester 2 Trimester 3
Overall Trimester 1 Trimester 2 Trimester 3
CT FT CT FTCT FT





a homicide produced a 37 gram benefit. Similar benefits appear for gestational age and fetal death. 
When stratifying this analysis by gestational age of exposure, as seen in Table 7, it becomes clear 
that all of these benefits accrue when exposure occurs in the third trimester. Because much of the 
incidence of preterm birth (and, by extension, low-weight birth) and a portion of fetal death occurs 
in the third trimester, it is possible that some women who could have been exposed to a homicide 
had they carried their fetuses to full-term were selected out of treatment because of preterm 
delivery or fetal death. If this were the case, it would mean that the control group would include 
women with worse outcomes and produce analyses that would indicate that not being exposed to a 
homicide produced worse birth outcomes. For example, pregnant women in Essex County, on 
average, are exposed to homicides every 84 weeks. This means they have a 47% chance of being 
exposed during pregnancy, simply by chance, if they carry their pregnancy to term (an average of 
40 weeks of gestation divided by 84 week exposure window). Those that deliver prior to 40 weeks 
gestation have a smaller chance of being exposed by chance. For example, a woman delivering 
after 35 weeks would have a 42% chance of being exposed. The reduction in exposure risk of 
women delivering pre-term will inflate the regression exposure coefficient. 
 To test this possibility, I assign all women with deliveries occurring prior to the 40
th
 week 
of gestation to the treatment group regardless of whether or not they were actually exposed to a 
homicide. Table 12 displays the results of these analyses. All of the birthweight and gestational 
length coefficients reduce to nearly zero and odds ratios for low birthweight, preterm birth, and 
fetal death to nearly one; none of the coefficients are significant. It appears that the small positive 
effects of exposure to homicide, especially in the third trimester, can be attributed to the way in 




Table 12. Artifical exposure to homicides 
OLS 
Birthweight LBW Gestation Preterm Birth Fetal Death
<=1000 -2.81 1.03 -0.03 1.02 0.98
Trimester 1 -10.03 1.00 -0.04 1.03 0.98
Trimester 2 3.08 1.00 -0.04 1.03 1.16
Trimester 3 -0.50 1.04 0.00 1.02 1.05
Fixed effects
Birthweight LBW Gestation Preterm Birth Fetal Death
<=1000 9.17 0.97 0.06 1.04 --
Trimester 1 33.28 0.82 0.05 0.92 --
Trimester 2 -2.77 0.98 -0.03 1.24 --
Trimester 3 1.11 1.07 0.06 0.97 --  




Chapter 4. Conclusion 
 
 The purpose of this study was to contribute to the evidence on the effects of the fetal 
environment on a range of birth outcomes, specifically whether residing in close proximity to a 
homicide by a pregnant woman had detrimental effects on birth outcomes as measured by birth 
weight, the odds of low birth weight, gestational length, the odds of preterm birth, or fetal death.  
 Theories related to stress and fetal development indicate that stressful events and exposure 
to an impoverished fetal environment should have small to moderate negative effects on infant and 
adult health and development. For the most part, this study found no support for those theories, 
showing under some specifications that residing in close proximity to a homicide while in utero 
produced no effect on birth outcomes and in others that it produced beneficial effects on infant 
health. These findings stand in opposition to developmental theory and evidence from prior 
studies. However, these anti-theoretical findings seem to simply be an artifact of treatment 
assignment and not an accurate representation of the association between homicide exposure and 
birth outcomes. 
 The overall analysis of the relationship between proximity to homicide while in utero and 
birth outcomes in the standard regression model showed that there are quite small, but highly 
significant beneficial effects on birth weight, gestational length, and the odds of fetal death. 
However, when this relationship was examined under a sibling fixed effects rubric – comparing 
exposed siblings to unexposed siblings – these effects go away entirely, indicating that perhaps 
unobserved familial factors were driving the results in the standard model. Furthermore, there was 
little patterning to this relationship by proximity to the homicide: the closer a woman and her fetus 




difference between birth outcomes of mothers residing in low crime and high crime areas. While, 
mothers in low-crime areas had slightly better birth outcomes, the different was marginal. Finally, 
I employed models of future treatment and with reduced samples to falsify some of the significant 
findings in prior analyses, which was, for the most part, successful. For example, the overall 
standard regression model produced similar results in the current and future treatment models. 
This indicates that an unobserved geographic or familial variable may be producing these findings.  
 There are a number of potential explanations for these findings that should be explored in 
future research on the topic. First, it is possible that homicides simply have no effect on fetal health 
and development, no matter how close they occur in proximity to an expectant mother. This 
experience may simply be too diffuse, especially in a poor urban environment crowded with 
numerous competing stressors. Although homicides are likely to be the one crime that exists in the 
minds of community residents, that crime may simply get lost among all of the other crimes 
occurring, in particular in a multi-homicide environment. Additionally, this study assumed that 
because a woman resided near a homicide that she would be exposed to the homicide itself, or to 
the aftermath of the homicide, such as police activity, media inquiries or the psychological 
aftermath of individual and community worry. It is quite possible, however, that some women 
were not home during the time surrounding the homicide, did not learn about the homicide at all, 
or did not live at the address reported on the child’s birth certificate at the time the homicide 
occurred.  
 Second, the exposure rate in the sample may have been too high to differentiate substantive 
and significant effects. Essex County, New Jersey, which incorporates the high-crime cities of 
Newark and Irvington, has extremely high crime rates. Within the population of births in Essex 




32% were within 500 meters of a homicide. Additionally, the birth and population distribution is 
heavily skewed toward those areas with the highest homicide rates and levels of exposure. There 
simply may not have been adequate variation in exposure among the distribution of births to 
produce observable effects. 
 Whereas a small number of prior studies examined the effects of crime rates on 
reproductive health outcomes, this is the first study to examine the effects of exposure to unique 
homicides on birth outcomes using a variety of methodologies. However, this study was limited by 
a number of factors that necessitate confirmation or rejection of these findings through replication 
studies. First, this study was limited to a small geographical area and, as discussed above, one that 
has a particularly burdensome crime environment. This environment may have masked the stress 
effects of homicides and made more difficult the analysis of homicide effects in the few smaller, 
low-crime communities in Essex County. Future studies should expand the geographic scope of 
future studies to include a broader diversity of cities and towns, counties, and states. Ideally, 
researchers will capture the entirety of any given geographic area (i.e., entire counties or an entire 
state) so as to allow for the control of geographic effects.  
 Second, and closely tied with the first limitation, homicide data was collected by reporters 
at the New Jersey Star Ledger through a process of document review at courts and police precincts. 
This database was then given to the author of this study. To confirm the validity of this data, I 
cross-referenced the locations and dates of a sub-sample of homicides with newspaper reports. 
Although some homicides reports could not be located in news records, those that could be found 
always confirmed the Star Ledger data and often provided greater detail. For example, some Star 
Ledger geographic data provided simply an intersection of two streets, whereas a newspaper report 




homicides closely matches that reported in the FBI’s Supplemental Homicide Reports for each 
year, as reported in Table 2. However, while the Star Ledger data appeared to be consistently valid, 
direct government records would provide the highest level of confidence. Finally, as noted in 
greater detail in this study’s data section, I was unable to obtain homicide records for the entire 
state of New Jersey, which limited my analysis to Essex County only. 
 These limitations inhibit important research, block the sharing of data with state and city 
investigators that may be useful to better understanding crime patterns, and limit public access to 
important public safety information. Researchers, police departments, prosecutors, and state 
justice departments should explore the potential for developing data systems that are shared 
securely between institutions, protect the privacy and confidentiality of victims, and provide for an 
analytic feedback loop across geographies and levels of government. 
 Given the study’s findings and its limitations, it is, to a certain extent, difficult to reconcile 
the findings with prior literature. This study uses an improved methodology over the one prior 
study that examined the effect of violent crime events on birth outcomes, but largely confirms that 
study’s findings: violent crime rates, not crime events, affect birth outcomes. Given this 
consistency, it may simply be the case that violent events are too isolated and small trigger a 
substantial amount of physiological stress to affect reproductive health. Considering the “events” 
that have been studied on this topic – terrorist attacks, natural disasters, disease epidemics, wars, 
and others – it seems that in order to affect reproductive health, they must be random, shocking, 
and widespread enough to, perhaps, create a social backlash.   
 Although this studied indicates that, at least in a highly violent context, in utero exposure 
to homicides has no apparent negative effects on birth outcomes, it does raise several implications 




no effect on health and well-being. In fact, if anything, this study confirmed that city-level crime 
rates and, in particular, city-level violent crime rates have quite harmful effects on birth outcomes, 
independent of individual-level, neighborhood, and unobserved time and geographic invariant 
factors. Programs that target the pre and post natal health of women, such as Nurse-Family 
Partnership and Early Head Start, already concentrate their services in high-poverty and high-risk 
geographic areas. However, practitioners should explore the efficacy of further targeting these 
types of services to families in areas of high violent crime and introduce stress reduction practices 
for families with high rates of exposure to violent crime. 
 Furthermore, this particular field and research questions are rich for further research. If 
possible, the questions under study here should be replicated in other geographic areas. A primary 
weakness of this study is that it was concentrated in a small, extremely violent area in which the 
sample may have been over-exposed to homicides while pregnant. Given broader access to 
geo-coded homicide and birth records, these questions would benefit from exploration in locales 
with greater variation in exposure levels. This study also highlights the need to explore a greater 
variety of birth outcomes. Most studies of this nature use continuous and dichotomous measures of 
birthweight and gestational length; to a lesser extent, studies use intrauterine growth restriction 
and Apgar scores. However, given the effect observed on fetal death, at least at the city level, it is 
worth exploring this outcome further. As mentioned earlier in the study, it is the case that studies 
relying on birthweight and gestational length may be biased because the fetuses with the strongest 
reaction to exposure or the weakest fetuses may never be brought to term. Finally, this study rested 
on the assumption that pregnant women would be especially vulnerable to a homicide-induced 
stress response. In fact, this is an assumption underlying all of the studies examining the effect of 




biological and qualitative studies. For example, simple cheek swab cortisol tests could test for 
increased stress levels following homicides, while in-depth interviews with pregnant women 
living in locales with high homicide rates would improve understanding of the processes at work 
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